WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




per 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 

C07D 235/26, C07K 5/08 
C07K 5/10, 5/06 



Al 



(11) International Publication Number: WO 91/01976 

(43) International Publication Date: 21 February 1991 (21.02.91) 



(21) International Application Number: PCT/CA90/00248 

(22) International Filing Date: 3 August 1990 (03.08.90) 



(30) Priority data: 
389,852 



4 August 1989 (04.08.89) 



US 



(71) Applicant: IAF BIOCHEM INTERNATIONAL INC. 

[CA/CA]; 10900, me Hamon, Montreal, Quebec H3M 
3A2 (CA). 

(72) Inventors: BRILLON, Denis 119, de Galais, #2, Laval, 

Quebec H7N 2Y6 (CA). SAUVE, Gilles ; 401, Sigmund- 
Freud, Laval, Quebec H7M 3X9 (CA). BOULOS, Zacha- 
rie ; 595, de l'Argentiere, #301, Laval, Quebec H7N 4A1 
(CA). BELLEAU, Bernard (deceased). 



(74) Agent: BROUILLETTE, Robert; Clark, Woods, 1245, 
Sherbrooke Street West, Suite 2000, Montreal, Quebec 
H3G 1G2 (CA). 



(81) Designated States: AT, AT (European patent), AU, BE 
(European patent), BF (OAPI patent), BG, BJ (OAPI 
patent), BR, CA, CF (OAPI patent), CG (OAPI patent), 
CH, CH (European patent), CM (OAPI patent), DE*, 
DE (European patent)*, DK, DK (European patent), 
ES, ES (European patent), FI, FR (European patent), 
GA (OAPI patent), GB, GB (European patent), HU, IT 
(European patent), JP, KP, KR, LU, LU (European pa- 
tent), ML (OAPI patent), MR (OAPI patent), NL, NL 
(European patent), NO, RO, SD, SE, SE (European pa- 
tent), SN (OAPI patent), SU, TD (OAPI patent), TG 
(OAPI patent). 



Published 

With international search report 



(54) Title: THIOACYLATING REAGENTS AND INTERMEDIATES, THIOPEPTIDES, AND METHODS FOR PREPAR- 
ING AND USING SAME 

H 

(I) 




2 1 4 
R 2 -N-R 4 



(57) Abstract 




OH 



Q 



(II) 



Thioacylating reagents are provided for the introduction of thioamide bonds into growing peptides represented by struc- 
ture (I), where the substituents are disclosed herein. Intermediate precursors for preparing these thioacylating reagents are also 
provided. A process for preparing the thioacylating reagents and the intermediate precursors is further provided. Thiopeptides, 
and salts thereof, that exhibit pharmacological utility are provided and are represented by formula (II), wherein R 1 , R3, R*, X 
and n are as defined herein. Methods for preparing these thiopeptides from solution and solid phase syntheses, utilizing the 
thioacylating reagents disclosed herein, are also provided. 
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THIOACYLATING REAGENTS AND INTERMEDIATES, 
THIOPEPTIDES , AND METHODS FOR 
PREPARING AND USING SAME 



Technical Fi eld of the Invention 

This invention relates to novel a-amino acid 
derivatives used as thioacylating reagents , 
intermediates formed as precursors to these 
derivatives, thiopeptides of biological and medicinal 
importance prepared through the use of these 
thioacylating reagents which introduce thioamide 
linkages into the growing peptide, and their methods of 
production. The thiopeptides disclosed herein are 
characterized by providing superior activity in vivo as 
biological response modifiers, neuroef f ectors , 
immunomodulators and the like and by increased 
resistance to enzymatic degradation due to the 
introduction of a .thioamide linkage into the backbone 
of the peptide. The thiopeptides are described herein 
as peptides which contain a thioamide linkage between 
adjacent amino acid residues. At least one such 
substitution by a sulphur atom of an oxygen atom in the 
amide bond of the backbone of the peptide structure is 
desired. As will be appreciated by the disclosure to 
follow, the thioacylating reagents may be used to 
introduce this thioamide linkage into a growing peptide 
with relative ease and in substantially higher yields 
than observed in prior processes while retaining the 



WO 91/01976 



PCT/CA90/00248 



* optical integrity of the peptide. The phrase growing 
1 peptide signifies that amino acid chain elongation is 
occurring which increases— the size of the peptide by 
incorporating additional residues into the peptide 
5 sequence. - — : — 

Background of the Invention 

The number of biologically active peptides is 
quite large. However, their potential utility as 
response modifiers, neuroef f ectors or immunomodulators 
10 is dramatically circumscribed by their demonstrated 
very short half -lives in vivo and their lack of 
effectiveness when administered orally. This latter 
phenomenon is primarily due to the extreme lability of 
biologically active polypeptides in the presence of the 
15 peptidases and proteases normally found in the 
digestive tract. 

It is desirable to stabilize the backbone 
amide linkages of these biologically active peptides 
against such proteolytic enzymes in order to improve 
20 the pharmacokinetic properties of these peptides. 

Enhanced stability to enzymatic degradation would make 
these peptides more useful therapeutic agents. 

Recent advances in chemical replacement or 
modification of peptide linkages indicate that such 
25 linkage stabilization is feasible. By replacement of 
peptide linkages with thioamide bonds at those 
positions of the peptide backbone responsible for the 
biological response-limiting cleavage by peptidases and 
proteases, an increased stability to enzymatic 
30 degradation is obtained for many thiopeptide analogs. 
Reid and von der Emden [W. Reid and W. von der Emden, 
"Aminosaure-thionester und Endothiopeptide , II", 
Liebias Ann. Chem. - 642 . 128 (1961)] discusses racemic 
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thioamide formation through the thionester 
thioacylating agent: 



H 3 c-o-c-N 



R 

-C-O-R* 
II 

H H S 



wherein R and R« are selected _ from. lower _alkyl - and 
aryl. Further, enhanced pharmacological activity is 
10 exhibited for many of these analogues. Lajoie, et al. 
(G. Lajoie, F. Lepine, S. LeMaire, F. Jolicoeur, 
C. Aube, A. Turcotte and B. Belleau) , "Synthesis and 
Biological Activity of Monothionated Analogs of 
Leucine-enkephalin", Int. J. Pent. Protein Res. r 24, 
15 316 (1984). Thiopeptide derivatives have demonstrated 
increased activity in vivo as biological response 
modifiers, neuroef f ectors , and immunomodulators as 
compared with their oxygenated analogs. For example, 
Clausen, et al. [K. Clausen, A. Spatola, C. Lemieux, 
20 P. Schiller, and s. Lawesson, "Evidence of a Peptide 
Backbone Contribution Toward Selective Receptor 
Recognition for Leucine Enkephalin Thioamide Analogs", 
Biochem. Biophvs. Res. Commnn. f i?h, 30 5 (1984)] 
demonstrates the increased pharmacological activity of 
25 one such thiopeptide analog over its oxygenated 
counterpart. 

Methods for replacement for the carbonyl 
oxygen atom of a carboxyl moiety with a sulphur atom 
are known. Clausen, et al. [K. Clausen, M. Thorsen, 
30 and S. Lawesson, "Studies on Amino Acids and Peptides. 
Part 6. Methods for Introducing Thioamide Bonds into 
the Peptide Backbone: Synthesis of the Four Monothio 
Analogues of Leucine Enkephalin", J. Chem. Soc. PerVin 
Trans. I, 785 (1984)] describes thioacylation by the 
35 use of dithioesters of the formula: 



; wcnnnn- -uun 
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Z-N- 



- 4 _ 



-C-S-CH 3 



5 H H S 

wherein 2 is carbobenzoxy and R is selected from 
hydrogen, lower al3cyl, and aryl. No information, 
however, regarding racemization is described. It is 
also ( .known that the thiopeptides so formed are useful 

10 reagents and intermediates for further thiopeptide 
synthesis. See, P. Campbell, and N. Nashed, 
"Carboxypeptidase A Catalyzed Hydrolysis of Thiopeptide 
and Thionester Analogues of Specific Substrates, An 
Effect on K . for Peptide, but not Ester, Substrates", 

15 J. Am. Chem. Soc. . 104 . 5221-26 (1982); P- Bartlett, 
K. Speer, and N. Jacobsen, "A Thioamide Substrate of 
Carboxypeptidase A", Biochemistry . 21 f 1608-11, (1982); 
and L. Maziak, G. Lajoie, and B. Belleau, "Productive 
Conformation in the Bound State and Hydrolytic Behavior 

20 of Thiopeptide Analogues of Angiotensin-converting 
Enzyme Substrates", J. Am. Chem. Soc. , 108 , 182-83 
(1986) . Such thiopeptide derivatives also have shown 
resistance to enzymatic hydrolysis. W. Reid and 
E. Schmidt, "N-acylierte a-Aminoimidosaureester, 

25 Iminodipeptide und Endothiodipeptide" , Liebias Ann. 
Chem. , 695 , 217 (1966), for example, disclose the 
synthesis of a protected amino acid thionester as an 
intermediate in the preparation of a thiopeptide in 
moderate yield. 

3 0 Thionation of peptides, or the replacement of 

an oxygen atom with a sulphur atom, at the carbonyl 
functionality of their peptide bonds has heretofore 
demonstrated a lack of reaction site specificity. 
Decreased overall yields have been observed because of 

35 side reactions and the by-products so formed which 

cause the purity of the product and the efficiency of 
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the reaction to suffer. Further, the optical integrity 
of the final product is often not maintained due to the 
reaction mechanism of the previously used thioacylating 
reagents. The limited effectiveness of these 
5 thioacylating reagents severely circumscribed the 
potential of thiopeptides as pharmacological agents. 
Lack of an efficient method of producing pure, 
optically active thiopeptides has rendered the 
. evaluation of .pharmacological activity, stability to 
10 enzymatic and pH degradation, and toxicity of such 

compounds very difficult, since sufficient quantities 
of these materials have heretofore been unobtainable. 

The optical integrity of a compound relates 
to its ability to rotate light. This ability is 
15 measured in an instrument known as a polarimeter which 
utilizes a zero point reference. The degree to which a 
chemically pure material rotates light indicates its 
relative optical purity. That is, a material may be 
chemically pure while being optically inactive or 
20 racemic. The amount of activity that is observed from 
a material is often dependent upon its optical purity. 
Two enantiomers although possessing idential chemical 
formulae may have completely different biological 
activities. It is common in medicinal applications for 
a compound of one optical configuration to exhibit 
activity and usefulness, while its optical rotamer or 
complementary enantiomer demonstrates a different 
activity or is wholly inert. Thus, where optical 
configuration is important, optical purity, as well as 
chemical purity, is an important concern. 

It is desirable that a thiopeptide meet 
several criteria to be suitable for pharmacological 
study. First, the thiopeptide should demonstrate an 
increased resistance to enzymatic degradation. Second, 
the thiopeptide should elicit an enhanced biological 



25 



30 



35 
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' response over its oxygenated counterpart. Third, it 
1 must be safe for human ingestion. Fourth, the 
thiopeptide should be- capable of being produced in 
quantities large enough to perform clinical studies. 

5 Regarding the f irst three concerns , the 

characteristics described should be possessed as 
inherent properties of the thiopeptide which establish 
it as superior to other peptides not containing a 
thioamide linkage between adjacent amino acid residues. 

10 With reference to the last criterion, it is 
advantageous to be capable of producing large 
quantities of material. Several factors are important 
with respect to this consideration. The process for 
producing the thiopeptide is preferably simple, 

15 efficient and economical. That is, the reaction scheme 
of the process should contain few steps, afford high 
overall yields, and demonstrate minimal by-product 
formation. Moreover, the scheme should preferably 
utilize inexpensive reagents and materials. Further, 

2 0 the method should ensure the optical integrity of the 
growing peptide by avoiding reactions that will 
racemize the compound. That is, a racemic mixture is 
likely not to fully exhibit the desired pharmacological 
response. 

25 Prior thioacylation processes have suffered 

from being cumbersome and complicated. Moreover, they 
do not afford products with a high degree of optical 
integrity and provide inadequate overall yields of the 
thiopeptide. 

30 Accordingly, there is a need for 

thioacylating reagents which permit the selective 
incorporation of thioamide linkages into growing 
peptides at specific residue linkages while utilizing 
efficient reaction conditions. There is also a need 

35 for a thioacylation process which will retain the 
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optical integrity of the resulting peptide and will 
1 produce such peptide in high yields. There is 
additionally a need for methods for preparing 
thioacylating reagents capable of simple and economical 
5 reaction with amino acids and peptides to produce 
thiopeptides. There is yet another need for 
thiopeptides, and methods to prepare them, having 
increased enzymatic stability and enhanced biological 
activity over their oxygenated analogs* 

10 Summary of the Invention 

It is an object of this invention to provide 
thioacylating reagents. It is also an object of this 
invention to provide thioacylating reagents which will 
introduce thioamide linkages into growing peptides in 

15 high yield. It is a further object of this invention 
to provide thioacylating reagents which will retain the 
optical integrity of the peptide so formed. It is 
another object of this invention to provide novel 
intermediates to prepare- the thioacylating reagents. 

20 It is yet another object of this invention to provide 
thiopeptides which demonstrate greater pharmacological 
effectiveness with respect to activity and resistance 
to degradation than their oxygenated analogs. It is 
still another object of this invention to provide 

25 methods for synthesizing these thioacylating agents, 
novel intermediates, and thiopeptides. 
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These and other objects are achieved herein 
by thioacylating reagents represented by the formula: 




10 



S=C 



R^C-R 3 

2 1 4 
R 2 -N-R 4 



wherein R 1 is hydrogen, C 2 -C 4 branched or unbranched 
15 alkyl which may or may not be substituted by 

(a) -(CH ) n C — A — D 

II 

o 

wherein A is -O- or -NH-, 
20 . D is benzyl or xanthyl, 

n is l or 2; 

E 

I . 

(b) -GH-G-J-L 

25 wherein E is *-H or -CH 3 , 

G is -CH 2 -, -O- or -S-, 
J is -S- or -CH 2 -, 
L is -CH 3 or phenyl; 
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(C) M 

- - 

T 

wherein M and T may be the same or different and 
are selected from hydrogen, fluorine, chlorine, bromine 
and iodine and Q is hydrogen, hydroxy, or 
dichlorobenzoxy (2C1Z) ; 



10 



-CH 




wherein V is carbobenzoxy or tosyl; or 
(e) H 

- c „ 2 jQ0 

R is selected from t-butoxy, carbobenzoxy, chloro- 
benzyloxy, 9-f luorenylmethyloxycarbonyl, tosyl, trityl 
or xanthenyl; 

2 0 R 3 is selected from hydrogen, methyl or ethyl; or 

R 1 and R 3 , taken together with the carbon atom to which 
they are attached, form a saturated hydrocarbon ring 
containing 3-5 carbon atoms; 

R 4 is hydrogen; or R 1 and R 4 , taken together with the 
25 carbon and nitrogen atoms to which they are attached, 

form a saturated heterocycle containing 2-6 ring carbon 
atoms (i.e., an aziridine, azetidine, pyrrolidine, or 
piperidine ring) ; and 
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R 5 is selected from hydrogen, fluorine, chlorine, 
bromine, iodine, amido, amino, carboxyl, carboxymethyl , 
cyaho, guanido, hydroxyl, hydroxymethy 1 , mercapto, or 
nitro . 

5 —This invention also provides novel 

intermediate compounds that are extremely well suited 
for preparing the thioacylating reagent of this 
invention. 

This invention additionally provides 
10 thiopeptides that exhibit increased resistance to 
enzymatic degradation and demonstrate enhanced 
biological activity in vivo over their oxygen 
containing counterparts. 

This invention further provides methods for 
15 synthesizing these thioacylating reagents and novel 
intermediates useful in the preparation of these 
reagents, as well as processes for producing the 
thiopeptides represented herein. 

In accordance with this invention, we provide 

2 0 a class of reagents for thioacylation that may 

introduce thioamide linkages into peptides or other 
suitable compounds in a simple, efficient, economical 
manner and in high yield. Thioacylation carried out 
using these reagents will furthermore maintain the 
25 optical integrity of the newly formed compound. 

Also in accordance with this invention, we 
provide a method of producing these reagents and 
provide novel intermediates useful in the preparation 
of the thioacylating reagent. 

3 0 In accordance with another aspect of this 

invention, we provide a series of thiopeptides which 
demonstrate an increased resistance to enzymatic 
degradation and an enhanced pharmacological activity as 
compared with corresponding peptides containing only 
3 5 amide bonding between adjacent residues. These 
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thiopeptides show utility as biological response 
modifiers, neuroef fetors, immunomodulators and the 
like. 

In accordance with this aspect of the 
5 invention, the thiopeptides are represented by the 
formula: 



10 



H 2 N- 



-N- 



R 3 X Vr 4 R 



-OH 



3 x/ n R 4 R 



and salts thereof, 

wherein R 1 is hydrogen, C^-C, branched or 
unbranched allcyl which may or may not be substituted by 



15 



(a) -(CH 2 ) n C - A - D 



20 



wherein A is -O- or -NH-, 

D is benzyl or ^canthenyl, 
n is 1 or 2; 



25 



(b) -CH-G-J-L 

wherein E is -H or -CH 3 , 

G is -CH 2 -, -o- or -S-, 
J is -S- or -CH 2 -, 
L is -CH. or phenyl; 



30 



(c) 



M 



WO 91/01976 



PCI7CA90/00248 



- 12 - 



10 



wherein M and T may be -the same or different and 
are selected from hydrogen, fluorine, chlorine, bromine 
and iodine and Q is hydrogen, hydroxy or 2C1Z; 



(d) 



V-N X N 



-CH; 



wherein V is carbobenzoxy or tosyl; or 



(e) 



H 



R J is selected from hydrogen , methyl or ethyl; 

R 1 and R 3 , taken together with the carbon atom to which 

they are attached/ form a saturated hydrocarbon ring 

15 containing 3-5 carbon atoms; 

R 4 is hydrogen or R 1 and R 4 , taken together with the 
carbon and nitrogen atoms to which they are attached, 
form a saturated heterocycle containing 2-6 ring carbon 
atoms (i.e., an aziridine, azetidine, pyrrolidine, or 

20 piperidine ring); and n is 1-4. 
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Detailed Peso- riot ion of the Invention 
Thioacylatina Reagents 

^ J* ccordance wit h th e Prese nt inve ntion, the 



thioacylating reagents are represented by: 



5 



10 



15 R 2 -N-R 4 




(III) 



20 



25 



30 



wherein R 1 is represented by a member of the group 
consisting of hydrogen, C x -C 4 branched or unbranched 
alkyl which may or may not be substituted by a member 
selected from the group consisting of: 

(a) -(CH 2 ) n C - A - D 



wherein A is -0- or -NH-, 

D is benzyl or xanthenyl, 
n is 1 or 2; 



E 

(b) -CH-G-J-L 
wherein E is -H or -CH 3 , 



G is -CH 2 - # -O- or -S-, 
J is -S- or -CH 2 -, 
L is -CH 3 or phenyl; 
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(c) 



M 



10 



wherein M and T may -be the same or different and 
are selected from hydrogen, flourine, chlorine, bromine 
and iodine and Q is hydrogen, hydroxy or 2C1Z; 

(d) 





wherein V is carbobenzoxy or tosyl; or 
(e) 



-CH 



is ; 

R 2 is represented by a member selected from the class 
consisting of: 

t-butoxy , carbobenzoxy , chlorobenzy loxy , 
9-f luorenylmethy loxycarbonyl , tosyl, trityl or 

20 xanthenyl; 

R 3 is selected from hydrogen, methyl or ethyl; or 
R 1 and R 3 , taken together with the carbon atom to which 
they are attached, form a saturated hydrocarbon ring 
containing 3-5 carbon atoms; 

25 R 4 is hydrogen; or R 1 and R 4 , taken together with the 
carbon and nitrogen atoms to which they are. attached, 
form a saturated heterocycle containing 2-6 ring carbon 
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atoms (i.e., an aziridine, azetidine, pyrrolidine, or 
piperidine ring) ; and R 5 is selected from hydrogen, 
fluorine, chlorine, bromine, iodine, amido, amino, 
carboxyl, carboxymethyl , cyano, guanido, hydroxyl, 

5 -hydroxymethyT, TKeYc^pto~ or TSi'tror: " 

R 1 are typically substituents commonly found 
among natural or-amino acids. Particularly preferred 
groups include branched or unbranched alkyl groups 
which may or may not be substituted "by amino," carboxy, 
10 guanido, hydroxy, hydroxymethyl or hydroxyphenyl . 

The term thioacylating reagent is meant to 
include compounds which react with hydroxy and amino 
groups to introduce a thioacycl group to the 
nucleophilic substituent and becomes covalently bound 
15 thereto. The inclusion of thiocarbonyls in the amide 
bonds of peptides results in an increased resistance to 
hydrolysis and enzymatic destruction as compared with 
peptides of the same general structure but having 
conventional carbonyl moities in their amide linkages. 
20 The amino acid ortho amino thioanilides of 

this invention are represented by: 



25 




(II) 

wherein R 1 , R 2 , R 3 , R 4 and R 5 in the compound are as 
30 defined hereinabove. Preferred values for R 1 in these 
thioanilide intermediates are substituents commonly 
found among natural a-amino acids. Particularly 
preferred groupings include branched or unbranched 
alkyl groups that may or may not be substituted by 
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amino, car boxy, guanido, hydroxy, hydroxymethyl or 
1 hydroxyphenyl. 

The term amino-acid-ortho-amino-thioanilide 
is meant to include compounds having an ortho 
5 di substituted amino benzene structure and an amino acid 
bound to said ortho disubstituted amino benzene 
structure by a thioamide linkage with said amino acid 
suitably protected at the amino terminus with an 
appropriate -protecting group as defined for 
10 R 2 hereinabove. 

The amino-acid-ortho-amino-anilides of this 
invention are represented by: 



15 




(I) 

20 wherein R 1 , R 2 , R 3 , R 4 and R 5 in the compound are as 

defined hereinabove. Preferred values for R 1 are those 
substituents commonly found among natural a-amino 
acids. Particularly preferred groupings include 
branched or unbranched alkyl groups which may or may 

25 not be substituted by amino, carboxy, guanido , hydroxy , 
hydroxymethyl or hydroxyphenyl. 

The term amino-acid-ortho-amino-anilide is 
meant to include compounds having an ortho disubsti- 
tuted amino benzene structure and an amino acid bound 

30 to one of the amino substitutents on said ortho 

disubstituted amino benzene structure through an amide 
linkage with said amino acid suitably protected at the 
amino terminus with an appropriate protecting group a 
defined for R 2 hereinabove. 
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The thioacylating reagents of the present 
invention may be prepared by initial reaction of an 
ortho-phenylenediamine conveniently with an amino acid 
according to the following scheme: 



+ HOOC-CCR 1 ) (R 2 ) -N(R 3 ) (R 4 ) 



DCC 
DMAP 

dichloromethane , 0 ° C 




15 



R J 
I 



H — n 



N-C 
I 

H O R° R' 



(I) 



P 2 S 5 

Na 2 co 3 
THF, 0°C 



20 



25 



,5 . 



NH. 




(II) 



carbonyl ditriazole 
dichloromethane, 0°C 
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5 




(III) 



R 2 -N-R 4 



wherein R 1 , R 2 , R 3 , R 4 and R 5 are as defined 
hereinabove. 

Ortho-phenylenediamine and amino acids 

15 described herein may be reacted in the presence of a 
peptide coupling agent in a suitable solvent with 
stirring or agitation to form amino acid ortho amino 
anilides I. Surprisingly, however, selective amide 
formation' occurs at only one of the two amino 

20 substituents on the benzene ring. Contacting compounds 
of general formula I with a thionation reagent in the 
presence of a suitable solvent at -78 °C to 0°C with 
stirring or agitation forms amino acid ortho amino 
thioanilides II. Subsequent treatment of compounds of 

25 general formula II with a reagent well-suited to effect 
internal ring closure in a suitably inert solvent with 
stirring or agitation yields the desired compounds of 
general formula III. The reaction scheme to form the 
thioacylating reagents is illustrated hereinabove. 

30 The process of peptide synthesis requires 

specific functional groups to react with other 
substituents to link amino acid residues in a desired 
manner to form a peptide with a sought after and known 
sequence. Since amino acids possess at least two - 

35 reactive substitutents, the amine and carboxylic acid 
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portions, suitable protection or blocking of these 
1 functionalities is required. to ensure that reaction 
will occur only at desired sites.- — 

These protecting groups should be introduced 
to- the moiety -ef f icaciously -whirle their™removal " should 
be performed under conditions which do not affect other 
portions of the molecule. In this manner, certain 
reactions and modifications may be performed on the 
amino acid ., -peptide , or —other compound with assurance 
that the protected functionality will not interfere 
with the desired reaction. Further, by choosing a 
protecting group that is sensitive and labile to 
certain reactive conditions, a reaction scheme may be 
outlined to advantageously utilize these 
characteristics to effectively remove the protecting 
group once the synthesis is complete. 

A variety of protecting groups known in the 
field of peptide synthesis and recognized by 
conventional abbreviations therein, may be found in 
T. Greene, Protective Groups In Organic Synthesis, 
Academic Press (1981) . Among the preferred protecting 
groups that may be utilized for suitable protection of 
reactive nucleophilic substituents of R 1 are benzyl, 
carbobenzoxy or xanthenyl and for R 2 t-butoxy or 
carbobenzoxy. 

Coupling of ortho-phenylenediamine with amino 
acids as described above to yield compounds of general 
formula I may be accomplished employing established 
techniques in the field of peptide chemistry. A broad 
range of suitable reactions are described in E. Gross & 
J. Meinhofer, 4 The Peptides: Analysis, Synthesis, 
Biology; Modern Techniques of Peptide and Amino Acid 
Analysis, John Wiley & Sons, (1981) and M. Bodanszky, 
Principles Of Peptide Synthesis, Springer-Verlag 
(1984). The peptide coupling agents which may be used 
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to assist condensation of amino and carboxylic acid 
moieties include N,N'-dicyclohexylcarbodiimide (DCC) , 
N , N 1 -carbony 1 diimidazole (CDI) , 1-hydroxy 
benzotriazole (HOBt) , ethyl chlorof onnate, and the 
5 like. A preferred technique uses DCC as the coupling 
reagent. The DCC method may be used with or without 
catalytic additives such as 4-dimethylaminopyridine 
(DMAP) , copper (II) chloride or HOBt to hasten the 
reaction and .suppress the racemization of the desired 
10 compound. 

The DCC reaction is often performed at room 
temperature but may be performed from about -78 °C to 
gentle reflux in a variety of solvents that are inert 
with respect to the reactants. The solvents are 

15 normally organic solvents which are polar and aprotic. 
Preferred solvents include dichloromethane, chloroform, 
diethyl ether, tetrahydrof orm (THF) , 
N, N f -dimethylformamide (DMF) , and the like. 
Particularly preferred solvents are dichloromethane and 

20 DMF. In general, the coupling reaction may be carried 
out at atmospheric pressure at a temperature of -78 °C 
to reflux for a period of about 1-4 8h- Preferably, the 
reaction is carried out at -10°C to 25°C with stirring, 
shaking or agitation over a period of 4-6h. 

25 Compounds of general formula II sure typically 

prepared under anhydrous conditions, by reacting 
compounds of general formula I with a mixture of 
phosphorous pentasulfide and anhydrous sodium carbonate 
in an inert solvent. The reaction temperature is 

3 0 preferably about 0°C, but may then be varied from -78 °C 
to gentle reflux. The solvent is preferably anhydrous 
THF, and other suitable solvents include 
dichloromethane, diethyl ether, DMF, and the like. 

Compounds of general formula III may be 

35 prepared by contacting compounds of general formula II 
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15 



with carbonyl ditriazole or phosgene in an inert 
solvent at a temperature of -78-C to gentle reflux, 
preferah-l-y-room-temperatureT— The solvent may be 
selected from, but is not limited to, dichloromethane, 
diethyl ether, DMF and THF. 

In any of the synthesis methods described 
above, the desired products may be isolated from the 
reaction mixture by crystallization. Alternatively, 
chromatographic techniques including, but not limited 
to, normal phase, reverse-phase, ion-exchange, 
affinity, or gel permeation, may be employed, as well 
as electrophoresis or extraction or other means. 

Thioper>tiri ? s 

A novel class of thiopeptides contemplated by 
the present invention may be represented by the 
following formula: 



20 



H 2 N- 



-N- 



-N- 



II I 



II 
O 



-OH 



(IV) 

wherein X is S or 0 with at least one X being S, R 1 , 
R , R 4 are as defined above, and n is 1-4. Preferred 
25 classes of thiopeptides are represented by the peptides 
comprising the following sequences: 



30 



H 2 N- 



-N- 



-N- 



-N- 



II I 



-N- 



R 3 X R 4 R 3 X R 4 R 3 X .R 4 R 3 X R 4 



-OH 



R 3 6 



(V) 
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H 2 N- 



-N- 



-N- 



X R 



R 3 X 



-N- 



R 3 X 



-OH 



R 3 O 



(VI) 



wherein X, R 1 , R 3 , and R 4 are as defined above. 

For compounds of formula V, the peptides may 
have four, three, or two thiocarbonyl moieties, but 
10 most preferably there will be one thiocarbonyl with the 
remaining values represented by X being oxygen. A 
particularly preferred thiopeptide of formula V for 
enhanced stability and increased pharmacological 
activity "is represented by formula VTI: 



15 



20 



25 



H 2 N- 



NH_ 

I 2 
C=NH 

I 

N-H 
I 

(CH 2 ) 3 



OH 



NH„ 



(CH 2 ), 



-N- 



H 



H H 



I 

H 



COOH 
I 

CH„ 



CH_ CH. 

^ / 
CH 



-N- 



O H 




OH 



(VII) 



Similarly, for tetrapeptides of formula VI, 
especially preferred embodiments will be those wherein 
only one X represents a sulphur atom and the remaining 
30 two values for X each represent an oxygen atom. A most 
preferred series of thiopeptides of formula VI having 
increased resistance to enzymatic degradation and 
enhanced biological activity is represented by formula 
VIII: 
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CH, OH 



CH 



H 2 N- 



-N- 



H OH 



NH, 
(CH,) 



2) 4 ^^V. 
N 



-N- 



NH 

I 2 
C=NH 

I 

NH 

J 

(CH 2 ) 3 



H S H 



-OH 



H 



15 



20 



25 



30 



35 



(VIII) 

The incorporation of thioamide linkages at 
positions on the peptide backbone which are susceptible 
to degradation may be performed in order to increase 
the peptide's resistance to enzymatic digestion. This 
enhanced stability may afford greater biological 
activities to the peptides prolonged existence. For 
example, thymopentin, which is merely a biologically 
active fragment of the polypeptide thymopoietin, may be 
modified to elicit this response. One such thymopentin 
derivative, 4— thiothymopentin, represented by formula 
VII, has exhibited approximately a three-fold increase 
in biological activity. A control group of nude 
athymic mice was administered 20 micrograms of 
thymopentin per subject according to well-known assay 
techniques. See, e.g., O. Archer, T. Pierce, 
B. Papermanter, and R. Good, "Reduced Antibody Response 
in Thymectomized Rabbits", Nature, 195 . 191 (1962); 
D. Osoba and J. Miller, "Evidence for a Humeral Thymus 
Factor Responsible for the Maturation of Immunological 
Faculty", Nature, 199, 653 (1963); G. E. Ranges et al., 
"T-Cell Development in Normal and Thymopentin-treated 
Nude Mice", J. Exp. Med. . 156, 1057 (1982). The 
results of this assay showed a mean increase of 43% for 
the maturation of T cells and related immune responses. 
However, when the mice of the test group were 
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administered the same dosage under the same assay 
conditions , a mean increase of 128% for T cell 
maturation -was observed. Thus, the increased effect in 
potency confirms that the introduction of a sulphur 
5 atom as -a— replacement— for- the carbonyl- oxygen atom of 
an amide bond may decrease the rate of enzymatic 
degradation, enhance the affinity for relevant 
receptors, or act to assist both phenomena. 

Other peptides that may be modified to 

10 incorporate thioamide linkages into the peptides 

backbone according to the thioacylation technology of 
the present invention include, but are not limited to, 
Vasopressin (9 amino acid residues), Somatostatin (14 
amino acid residues) , a-Melanotropin (13 amino acid 

15 residues) , Leutienizing Hormone Releasing Hormone 

(LKRH, 10 amino acid residues) , Adrenocorticotropin 
(ACTH, 39 amino acid residues) , /3-Endorphin (31 amino 
acid residues) , and Atrial Natriuretic Factor (ANF, 33 
amino acid residues) . 

20 — Site specific- and mild conditions which 

assist in the efficient introduction of a thioamide 
linkage to the backbone of a growing peptide chain may 
be accomplished in high yield by the use of 
-l^thioacyl-2-benzimidazolones as thioacylating reagents 

25 according to this invention. The resulting 

thiopeptides demonstrate increased stability and 
greater pharmacological potency while retaining the 
optical integrity of their component amino acid 
..residues. 

3 0 The thioacylation agents of the present 

invention permit the formation of thioamide linkages in 
growing peptides in substantially higher yields over 
those methods of thioamide introduction previously 
reported. The methods of the present invention yield 

3 5 thiopeptides 'that demonstrate previously unknown 
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' stability with respect to resistance to enzymatic 
1 degradation. Further, the thiopeptides of this 
invention exhibit a substantial increase in 
pharmacological activity over peptide analogs that are 
5 linked by amide bonding between residues. 

According to this invention, a thioamide 
moiety may be introduced into a growing peptide at a 
specific site in the peptide sequence by reacting a 
_ thioacylating reagent -according -to the invention with 
10 an amino acid or peptide. The peptide amino terminus 
must be protected at the terminal amino functionality. 
The reaction is advantageously carried out in a 
suitable solvent inert to the reactants in the presence 
of an appropriate peptide coupling reagent. The 
15 preferred solvents include d i ch 1 or ome thane, chloroform, 
diethyl ether, THF, DMF, and the like. Particularly 
preferred solvents are dichloromethane and DMF. The 
preferred reaction conditions are from -78 °C to gentle 
reflux for a period of about l-48h* Particularly 
2 0 preferred conditions are -10°C to 25 °C stirring for a 
period of 4-6h. 

Until the thioamide linkage is required to be 
introduced, the peptide may be synthesized under any 
peptide coupling conditions. Alternatively, the 
25 thioamide linkage may be introduced first and the 

thiodipeptide so formed may then be enlarged employing 
generally recognized peptide coupling conditions. 

Once the incorporation of the thioamide 
linkage is completed, and the thiopeptide is prepared, 
30 the compound so formed may be entirely freed of its 
protecting groups according to well-known protocols 
such as treatment with liquid hydrogen fluoride (HF) . 
Where, however, the peptide or thiopeptide formed 
requires selective removal of the protective groups, 
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usually from an amino terminus, suitable reaction 
conditions must be ., employed. 

The t-butoxy (Boc) protected amino 
functionality of amino acid derivatives and terminal 
5^ amines of peptides- may be removed, e.g. , by treatment 
with cold trif luoroacetic acid (TFA) at 0°C tinder 
suitable atmospheric conditions, e.g. adjusting the pH 
to about 8-9. The TFA salt of the amino acid 
derivative -or^ protected -peptide -may be -mixed -in a 

10 suitable organic solvent and subjected to mild aqueous 
basic conditions. The organic solution, containing 
said amino acid derivative or said protected peptide 
with free amino functionality, may then be dried and 
concentrated to afford the free amino derivative. 

15 In the case of 9-f luorenylmethyloxycarbonyl 

(Fmoc) protected amino acids, thiopeptides or 
Merrifield resin derivatives are presented, the 
corresponding free amino group may be generated 
selectively by treatment with piperidine in DMF under 

20 suitable atmospheric and thermal conditions. 

An alternative synthetic approach for 
introducing thioamide linkages can be effectuated via 
the Merrifield solid phase methodology and its known 
variants. Thus, a Merrifield resin is prepared by 

25 well-known solid phase peptide synthesis methods. A 
covalently attached a-amino acid residue, attached at 
its carboxyi function or, similarly, a peptide with a 
free terminal amino functionality is carried by said 
resin. Treatment of said resin with said thioacylating 

3 0 reagent under standard solid phase peptide synthesis 
conditions affords the desired product. 

Where this process introduces the thioamide 
linkage as the final step of thiopeptide formation, the 
thiopeptide may be liberated from said resin by using 

35 well-established methods. By employing liquid HF 



RNSnonm: <WO 9101976A1 I > 



containing dialkyl sulfide with anisole and thioanisole 
under suitable conditions at a temperature of -78 °C to 
0°C,-the thiopeptide may be obtained free "from all of 
the individual protecting groups of the component amino 

— acid-residues-. — 

The amounts of the reactants utilized in the 
aforementioned reaction may vary widely and the 
conditions required to facilitate reaction and 
encourage efficient completion may also vary widely. 
However, in general, the amounts of material employed 
to induce reaction in the processes discussed above 
will be substantially stoichiometric unless otherwise 
specified, in the following examples, reaction 
concentrations were generally held at 0.1 M to the 
reactants unless a higher concentration or dilution 
would be particularly useful for influencing the 
direction of a specific reaction. In practice, amounts 
will change depending upon variations in reaction 
conditions and the nature of the reactants. 

-The examples which follow are set forth to 
further illustrate various aspects of the present 
invention, but are not intended to limit its scope in 
any way. 

EXAMPLE 1 

Synthesis of l-(a-N-Boc-L-seryl-o-benzyl- 

thioacvll -2-ben zimida7o1ont> . 

a) Preparation of a-N-Boc-L-seryl-O- 
benzvl-ortho-amino-anilide 

N-Boc-L-serine-o-benzyl ether (8.02 mmol) and 
ortho-phenylenediamine (11.6 mmol) were well dissolved 
in dichloromethane (21 ml) at 0°C and 

N,N'-dicyclohexylcarbodiimide (DCC) (8.27 mmol) added. 
The mixture was stirred for l hour at constant ice 
temperature and then filtered. The filtrate was 
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transferred to a separating funnel and washed 
} successively with saturated brine/5% aqueous citric 
acid and saturated brine/ 5% aqueous sodium bicarbonate 
followed by saturated brine alone. The organic phase 
5 was then dried, concentrated, and the residue purified 
by flash chromatography on silica gel employing a 3:1 
hexane-ethyl acetate solvent as an eluant to yield the 
a-N-Boc-L-seryl-O-benzyl-ortho-amino-anilide as a solid 
in high yield (97%) which was then recrystallized to 

10 analytical purity with a dichloromethane-pentane 
mixture. The compound was observed to have the 
following physical properties: Melting point 60-63 °C; 
[a]^° (CHC1 3 ) -0.9; UV(CH 3 CN) lambda max 293; Elemental 
composition ( c 2 i H 27 N 3°4^ : Theoretical: C, 65.43; H, 

15 7.06; N, 10.89. Found: C, 65.82; H, 7.42; N, 10.60. 

Using the method of preparation described 
hereinabove and the appropriate starting materials, 
these additional ortho-amino anilides were synthesized: 

20 

anilide 

anilide 

25 ortho-amino anilide 

a5. a-N-Boc-L-aspartyl-0-benzyl ester- 
ortho-amino anilide 

a6. a-N-Fmoc-L-aspartyl-0-t-butyl ester- 
ortho-amino anilide 
3 0 a7. a-N-Boc-L-cysteinyl-S-benzyl ether- 

ortho-amino anilide 

a8 . a-N-Boc-L-glutamyl-7-benzyl ester- 
ortho-amino anilide 

a9 . a-N-Boc-L-glutaminyl-N-xanthenyl-ortho- 
35 amino anilide 



al. a-N-Boc-Ii-alanyl-ortho-amino anilide 

a2 . a-N-Boc-L-arginyl-di-N-Cbz-ortho-amino 

a3 . a-N-Boc-L-arginyl-N-tosyl-ortho-amino 

a4 . a-N-Boc-L-asparaginyl-N-xanthenyl- 
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anilide 



aio. a-N-Boc-glycyl-ortho-amino anilide 

all . a-N-Boc-L-histidyl-N-benzyl-ortho-amino 

al2 • a-N-Boc-L-histidyl-N-tosyl-ortho-amino 



5 anilide- 



al3 . a-N-Boc-L-isoleucyl-ortho-amino anilide 
al4 . a-N-Boc-L-leucyl-ortho-amino anilide 
al5 . a-N-Boc-e-N-2ClZ-L-lysyl-ortho-amino 



anilide 



anilide 



al6, 
al7, 



a-N-Boc-L-methionyl-ortho-amino anilide 
a-N-Boc-I,-phenylalanyl--ortho-amino 



35 



al8. a-N-Boc-L-prolyl-ortho-amino anilide 
al9. a-N-Boc-L-threonyl-O-benzyl ether- 
ortho-amino anilide 

a20. a-N-Boc-L-tryptophyl-ortho-amino anilide 
a21 . a-N-Boc-L-tyrosinyl-O-2 , 6-dichlorobenzyl 

ether-ortho-amino anilide 

a22 . a-N-Boc-L-valyl-ortho-amino anilide 
Physical characterizations of these compounds 

are set forth in Table A. 

b) Synthesis of a-N-Boc-L-seryl-o- 
benzvl-ortho-amino-thioanilide 

To freshly distilled tetrahydrofuran (THF) 
(67 ml) was added phosphorous pentasulfide (6.26 mmol) 
and anhydrous sodium carbonate (6,26 mmol). The 
mixture was permitted to stir at 20°C for 0.3 hours. 
The mixture was then cooled to 0°C followed by the 
addition of the N-Boc-L-seryl-O-benzyl-ortho-amino- 
anilide (of step a) (0.71 mmol). After standing at 0°C 
for 5-6 hours, 10% aqueous sodium phosphate (tribasic; 
22 ml) was added slowly followed by ethyl acetate 
(20 ml) and hexane (10 ml). The organic phase was 
separated, washed with brine, dried, and concentrated 
to yield an oil that was purified by flash 
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chromatography on silica gel using a 6:1:2 hexane-ethyl 
acetate-methylene chloride solvent mixture as the 
eluant to give the N-Boc-L-seryl-O-benzyl-ortho-amino 
thioanilide as a crystalline solid in a moderate yield 
5 „(_5JDJfc) .... _„The compound was observed to have -the f ollowing 
characteristics: Melting point 40-43 °C; [a]* 0 (CHC1 3 ) 
-26.5; UV (CH 3 CN) lambda max 271; Elemental composition 
(C 21 H 27 N 3 0 4 ) : Theoretical: C, 62.82; H, 6.80; N, 
10.48; S, 7.98. Found: C, 63.06; H, 7.06; N, 10.42; 
10 S, 8.23. 

Using the method of preparation described 
hereinabove and the appropriate starting materials, 
these additional ortho amino thioanilides were 
synthesized: 

15 bl. a-N-Boc-L-alanyl-ortho-amino thio- 

anilide 

b2 . a-N-Boc-L-arginyl-di-N-Cbz-ortho-amino- 
thioanilide 

b3 . a-N-Boc-L-arginyl-N-tosyl-ortho-amino- 
20 thioanilide 

b4 . a-N-Boc-L-asparaginyl-N-xanthenyl- 
ortho-amino-thioanilide 

b5. a-N-Boc-L-aspartyl-)9-benzyl ester- 
ortho-amino-thioanilide 
25 b6. a-N-Fmoc-L-aspartyl-j9-t-butyl ester- 

ortho-amino-thioanilide 

b7. a-N-Boc-L-cysteinyl-S-benzyl ether- 
ortho-amino-thioanilide 

b8. a-N-Boc-L-glutamyl-7-benzyl ester- 
30 ortho-amino-thioanilide 

b9 . a-N-Boc-L-glutaminyl-N-xanthenyl-ortho- 
amino-thioanilide 

blO . a-N-Boc-glycyl-ortho-amino-thioanilide- 
bll. a-N-Boc-L-histidyl-N-benzyl-ortho-am*ino- 
35 thioanilide 
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bl2 . a-N-Boc-L-histidyl-N-tosyl-ortho-amino- 
thioanilide 

• " bX3 t a-N-Boc-L-isdreucyl-ortho-amino-thio- 

anilide 



bl-4 . a-N-Boc-L-leucyl-ortho-amino-thio- 



anilide 

bis . <*-N-Boc-e-N-2Clz-L-lysyl-ortho-amino 
thioanilide 

bl6. a-N-Boc-L-methionyl-ortho-amino thio- 

10 anilide 

bl7 . a-N-Boc-L-phenylalanyl-ortho-amino- 
thioanilide 

bl8 . a-N-Boc-L-prolyl-ortho-amino-thio- 

anilide 

15 b19 - a -N-Boc-L-threonyl-o-benzyl-ether- 

ortho-amino thioanilide 

b2 0 . a-N-Boc-L-tryptophyl-ortho-amino 
thioanilide 

b21. a-N-Boc-L-tyrosinyl-0-2 / 6-dichloro- 
2 0 benzy 1-ether-ortho-amino-thioanilide 

b22. a-N-Boc-L-valyl-ortho-amino thioanilide 
Physical characterizations of these compounds 
are set forth in Table B. 



c) Synthesis of 1- (a-N-Boc-L-seryl-O- 
benzyl -th i oacvl 1 -2- henz i™ i ria i nna 



The a-N-Boc-L-seryl-o-benzyl-ortho amino 
thioanilide (of step b) (3.11 mmol) and carbonyl 
ditriazole (4.36 mmol) were dissolved in THF (45 ml) 
and after stirring at 25 °C for 6.5 hours, the solvent 

3 0 was removed in vacuo. The residue that remained was 
dissolved in dichloromethane (2 ml) and purified by 
flash chromatography. The product was eluted with 4:1 
hexane-ethyl acetate to give pure l- (N-Boc-L-seryl-o- 
benzyl-2-thioacyl)-2-benzimidazolone in high yield 

35 (91%). The compound was characterized by proton NMR 
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and the following physical characteristics were also 

'recorded: Melting point 119-122°C; [a]* 0 (CHC1 3 ) -25.5; 

UV (CH 3 CN) laTabda max 265; Elemental Composition 

(C^H^N.O.S) : Theoretical: C, -61.81; H, 5.90; N, 
* 22 25 3 4 ' 

5 ~9~.82; S, 7.50. Found: C, "62.00; H,~ 6.01; N # 10.18; S, 
7.30. 

Using the method of preparation described 
hereinabove and the appropriate starting materials, 
these l-(a-amino acid thioacyl) -2-benzimidazolone 
10 derivatives were synthesized: 

cl. 1- (a-Boc-L-alany 1-thioacy 1) -2-benzim- 
idazolone 

c2 . 1- (a-Boc-L-arginyl-di-N-Cbz-thioacyl) - 
2-benzimidazolone 
15 c3 . 1- (a-Boc-L-arginyl-N-tosy 1-thioacy 1) -2- 

benzimidazolone 

c4 . 1- ( a-Boc-L-aspar aginyl-N-xantheny 1- 
thioacyl) -2-benzimidazolone 

c5. l-(a-Boc-L-aspartyl-£ -benzyl ester- 

2 0 thioacyl) -2-berizimidazolone 

c6. l-(a-Fmoc-L-aspartyl-0-t-butyl ester- 
thioacyl) -2-benzimidazolone 

c7. l-(a-Boc-L-cysteinyl-S-benzyl ether- 
thioacyl) -2-benzimidazolone 
25 c8. l-(a-Boc-L-glutamyl-nr~benzyl ester- 

thioacyl) -2-benzimidazolone 

c9 . 1- ( a-Boc-L-glutaminy 1-N-xantheny 1- 
thioacyl>-2-benzimidazolone 

clO . 1- ( a-Boc-glycy 1-thioacy 1 ) -2-benzim- 

3 0 idazolone 

ell. l-(a-Boc-L-histidyl-N-benzy 1-thioacy 1) - 
2-benzimidazolone 

cl2 . 1- (a-Boc-L-histidyl-N-tosy 1-thioacy 1) - 
2-benzimidazolone 
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cl3 • 1- (a-Boc-L-isoleucyl-thioacyl) -2- 
benziroidazolone 

cl4- l^(a-Boc-L-leucyl-thaoacyl)- 

idazolone 

5 Qj-g—j^ (a-Boc-I>^irsyl~€^N^Cbz^thi-oacyl)-2- 

benzimidazolone 

cl6 . 1- (a-Boc-L-methionyl-thioacyl) -2- 
benzimidazolone 

cl7 . 1- (a-Boc-L-phenylalanyl-thioacyl) -2- 
10 benzimidazolone 

cl8 . 1- (a-Boc-L-prolyl-thioacyl) -2-benzim- 

idazolone 

cl9. l-(a-Boc-L-threonyl-0-benzyl ether- 
thioacyl) -2-benzimidazolone 

15 c20. l-(a-Boc-L-tryphophyl-thioacyl) -2- 

benzimidazolone 

c21 . 1- (a-Boc-L-tyrosinyl-O-2 , 6-dichloro- 
benzyl ether-thioacyl) -2-benziraidazolone 

c22 • 1- (cr-Boc-L-valyl-thioacyl) -2-benzim- 

20 idazolone 

Physical characterizations of these compounds 
are set forth in Table C. 

EXAMPLE 2 

Synthe sis of 4-Thiothvmopentin 

a) Solution Synthesis 

i) Preparation of a-N-Boc-L- 
valyl-L-tyrosyl-o-benzyl- 
benzvl e ster-thioamide 

a-N-Boc-L-tyrosyl-o-benzyl ether-benzyl ester 
was treated with trif luoroacetic acid (TFA) at 0°C 
under nitrogen for 0.5 hours. The TFA was removed in 
vacuo to yield L-tyrosyl-O-benzyl-ether-benzyl ester 
TFA salt. This amino acid derivative was mixed in 
dichloromethane and treated with 5% aqueous sodium 
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bicarbonate. The organic phase was separated, dried, 
I and concentrated to give the free amino derivative in 

guantitive yield. — 

L-tyrosyl-O-2 , 6-dichlorobenzyl ether benzyl 
5 ester (2 mmol-)— was dissolved— i-n -anhydrous 

N,N»-dimethylfbrmamide (DMF) (0-5 ml) at 0°C under N 2 
and 1- (a-N-Boc-valyl-thioacyl) -2-benzimidazolone (2-2 
mmol) (from Example 1) was added in portions at 0°C 
with stirring oyer a 0.3 hour period. The mixture was 

10 stirred continuously at 0°C for 2 hours and allowed to 
warm to 25°C for 15-17 hours. The reaction was then 
filtered, concentrated in vacuo , the residue dissolved 
in ethyl acetate (15 ml) and the solution washed 
successively with 5% aqueous sodium bicarbonate, water, 

15 5% aqueous citric acid, and water. The organic phase 
was then dried followed by evaporation and the residue 
placed on a flash column for purif ication. The 
protected dithiopeptide was eluted with a 3:2 ethyl 
acetate-hexane solvent mixture to afford a-N-Boc-L- 

2 0 valyl-L-tyrosyl-O-benzyl thioamide in good yield (80%) . 

The compound was found to have the following physical 
characteristics: Melting point 56-58 °C; IR (CHC1 3 ) 

2972, 1735, 1500 cm" 1 ; UV (CHC1,) lambda 272. 

- 3' ~ max 

ii) Preparation of ct-N-Boc-I,- 
25 asparty 1-/3 -benzyl ester-L- 

valyl-L-tyrosyl-O-benzyl 
ether-benzvl ester-3 -thioamide 

a-N-Boc-L-valyl-L-tyrosyl-O-benzyl thioamide 
(compound from (i)) was treated with TFA at 0°C for 0.5 

3 0 hours under nitrogen to afford, after concentration in 

vacuo , L-valyl-L-tyrosyl-O-benzyl thioamide TFA salt. 
The compound was mixed in dichloromethane and treated 
with 5% aqueous sodium bicarbonate. The organic phase 
was separated, dried, and concentrated to give the "free 
35 amino derivative in guantitive yield. 



WO 91/01976 



PCT/CA90/00248 



- 35 - 



j L-valyl-L-tyrosyl-c~benzyl-thioamide (2 mmol) 

was dissolved in anhydrous .DMF (0.5 ml) at 0°C under N 
- and a-N-Boc-L-aspartyl-/9 -benzyl ester (2 mmol) was 
added to the solution with stirring. HOBt (2 mmol) and 
5 Dec (2 mmol) were added slowly at 0°C and stirring was 
allowed to continue overnight. The mixture was diluted 
with 8 volumes of ethyl acetate and the 
N,N«-dicyclohexylurea so formed was filtered away from 
the solution. The filtrate was transferred to a 

10 separatory funnel and washed successively with 5% 

aqueous sodium bicarbonate, 5% aqueous citric acid, and 
saturated brine. The organic phase was collected and 
dried over Mgso 4 , filtered and concentrated in vacuo . 
The residue was purified by flash chromotography on 

15 silica gel employing a 1:1 hexane-ethyl acetate solvent 
mixture as ah eluant to afford the a-N-Boc-L-aspartyl- 
/3-benzyl ester-L-valyl-L-tyrosyl^O-benzyl ether-benzyl 
ester-3-thioamide in good yield (74%) . The following 
physical characteristics were recorded for the 

20 compound: Melting point 112-114 °C and UV (CHC1 ) 

lambda 271. 
max 

iii) Preparation of a-N-Boc-e-N-2C12- 

L-lysyl-L-aspartyl-0-benzyl 

ester-L-valyl-L-tyrosyl-o-benzyl 
ether-benzvl este r-L-3-hh i na ^i 

a-N-Boc-L-aspartyl-0-benzyl ester-L-valyl-L- 
tyrosyl-o-benzyl ether-benzyl ester-2-thioamide 
(compound from (ii)) was treated with TPA to remove the 
Boc group as in (ii) and L-aspartyl-£-benzyl ester-L- 

30 valyl-L-tyrosyl-O-benzyl ether-benzyl ester-2-thioamide 
was obtained in quant it ive yield. 

L-aspartyl-0-benzyl ester-L-valyl-L-tyrosyl- 
O-benzyl ether-benzyl ester-3-thioamide was dissolved 
in dry DMF (0.5 ml) at 0»C under N 2 and a-N-Boc-e-2ClZ- 

35 L-lysine (2 mmol) was added to the solution with 
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stirring. HOBt (2 mmol) and DCC (2 mmol) were added 
slowly at 0°C and stirring was allowed to continue 
overnight. The mixture was diluted with 8 volumes of 
ethyl acetate and the N,N'-dicyclohexylurea so formed 
5 was filtered away from the solution. The filtrate was 
transferred to a separating funnel and washed 
successively with 5% aqueous sodium bicarbonate, 5% 
aqueous citric acid, and saturated brine. The organic 
phase was collected and dried over MgS0 4# filtered, and 

10 concentrated in vacuo . The residue was purified by 

flash chrbmotography on silica gel using a 1:1 hexane- 
ethyl acetate solvent mixture as an eluant to afford 
the a-N-Boc-€-N-2ClZ-L~lysyl-L-aspartyl-/9-benzyl ester- 
L-valyl-L-tyrosyl-O-benzyl ether-benzyl ester-3- 

15 thioamide in good yield (73%). The following physical 
characteristics were recorded for the compound: 
Melting point 71-73 °C and UV (CHC1 3 ) lambda^ 272. 

iv) Preparation of a-N-Boc-N-tosyl- 
L-arginyl-e-N-2ClZ-L-lysyl-L- 

2 0 asparty 1-/9 -benzyl ester-Ii-valyl- 

L-tyrosyl-O-benzyl ether-benzyl 
ester-4-thioamide 

a-N-Boc-e-N-2ClZ-L-lysyl-L-aspartyl-/3-benzyl 
ester-L-valyl-L-tyrosyl-O-benzyl ether-benzyl ester-3 - 
25 thioamide (compound from (iii) ) was treated with TFA to 
remove the Boc group as in (ii) and €-N-2ClZ-L-lysyl- 
L-aspartyl-0 -benzyl ester-L-valyl-L- tyrosyl-O-benzyl 
ether-benzyl ester-3 -thioamide was obtained in 
quantitive yield. 

3 0 €-N-2ClZ-L-lysyl-L-aspartyl-j3-benzyl ester- 

L-valyl-L-tyrosyl-O-benzyl ether-benzyl ester-3-thio- 
amide (2 mmol) was dissolved in dry DMF (0.5 ml) at 0°C 
under N 2 and a-N-Boc-N-tosyl-L-arginine (2 mmol) was 
added to the solution with stirring. HOBt (2 mmol) and 
3 5 DCC (2 mmol) were added slowly at 0°C and stirring was 
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allowed to continue overnight* The mixture was diluted 
with 8 volumes of ethyl acetate and the 
N,N 1 -dicyclohexylurea-so -formed -was- filtered- away from 
the solution. The filtrate was transferred to a 
5 separating funnel— and-wa«hed— suGGessi^ly—w-ith-S* 

aqueous sodium bicarbonate , 5% aqueous citric acid, and 
saturated brine. The organic phase was collected and 
dried over MgS0 4 , filtered, and concentrated in vacuo. 
The residue was purif ication by flash chromotography 

10 using 9:1 chlorof orm-methanol as an eluant to afford 
the a-N-Boc-N-tosyl-L-arginyl-e-N-2ClZ-Ii-lysyl-L- 
asparty 1-/3 -benzyl ester-L-valyl-L-tyrosyl-O-benzyl 
ether-benzyl ester-4-thioamide in good yield (78%). 
The following physical characteristics were recorded 

15 for the compound: Melting point 105-107 °C; IR (CHCl 3 ) 
1756, 1490 cm"" 1 ; UV (CHC1 3 ) lambda max 271. Elemental 
composition (C 71 H 84 Cl 3 N g 0 14 S 2 ) : Theoretical: C, 58.13; 
H, 5.65; N, 8.34; S, 4.79. Found: C, 58.54; H, 5.81; 
N, 8.65; S, 4.40. 

20 v) Preparation of 4-Thiothvmopentin 

a-N-Boc-N-tosyl-L-arginyl-L-lysyl-e-N-2ClZ- 
L-aspartyl-/3-benzyl ester-L-valyl-L-tyrosyl-O-benzyl 
ether-benzyl ester-4-thioamide was dissolved in liquid 
hydrogen fluoride containing 10% by volume of anisole, 

25 ethyl methyl sulfide, and thioanisole. After 1 hour at 
0°C f the solvent was evaporated in vacuo and the 
deprotected thiopeptide was purified by reversed phase 
chromotography on a Vydac C 18 column utilizing 12% 
aqueous acetic acid as an eluant. The thiopeptide was 

30 characterized by proton NMR and was also found to 
possess the following physical properties: Melting 
point 146-148°C; UV (CHCl 3 ) lambda^ 268; M/e 696. 
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Using the appropriate sequence of amino acid 
| condensation reactions, the following 
_mono-thiothymopentin analogs were prepared: 

dl . L-arginyl-L-lysyl-L-aspartyl-L-valyl-L- 
.5 ._tyrpsine-:lrthioamide - 

d2. L-arginyl-L-lysyl-L-aspartyl-L-valyl-L- 
tyrosine-2-thioamide 

d3. L-arginyl-L-lysyl-L-aspartyl-L-valyl-L- 
tyrosine-3-thioamide 

10 . Physical characterizations for these 

thiopeptides are described in Table D. 

b ) Solid P hase Synthesis 

i) Preparation of a-N-L-Boc-L- 
valyl-L-tyrosyl-o-benzyl- 
1S thioamide-resin e.e-l-^r- 

a-N-Boc-L-tyrosyl-O-benzyl ether attached to 
a benzyloxy group of a Merrified resin was treated with 
a 55% dichloromethane solution of TFA at room 
temperature for 1 hour. The resin was then collected, 
20 washed successively with four portions of 10 ml 

dichloromethane, four portions of 10 ml isopropanol 
(IPA) and dried for subsequent use. 

L-tyrosyl-O-benzyl ether attached to a 
benzyloxy group of a Merrifield resin (0.632 mmol/g of 
25 resin) was added to a solution of 1- (a-N-Boc-valyl- 
thioacyl)-2-benzimidazolone (0.948 mmol) in dry DMF 
(7 ml) with stirring at 25«C. The reaction was stirred 
for 16 hours after which time another portion of the 
benzimidazblone (0.948 mmol) was added and stirring was 
3 0 resumed for 18 hours. The resin was collected, washed 
with four 10 ml portions of DMF, then four 10 ml 
portions of IPA and subseqently dried in preparation 
for further reaction. 
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I ii) Preparation of a-N-L-Boc-L- 

aspartyl-/3-benzyl ester-L- 
valyl-!L-tyrosyl-o-benzyl-l- 
thioamide-resin ester 

5 a-N-Boc-L-valyl-L-tyrosyl-o-benzyl ether- 

thioamide attached to a benzyloxy group of a Merrif ied 
resin was treated with a 55% dichloromethane solution 
of TFA at room temperature for 1 hour. The resin was 
then collected, washed .successively with four portions 

10 of 10 ml dichloromethane and four portions of 10 ml IPA 
and dried for subsequent use. 

L-valyl-L-tyrosyl-o-benzyl ether- thioamide 
attached to a benzyloxy group of Merrif ield resin 
(0.632 mmol/g of resin) was added to a solution of 

15 a-N-Boc-L-aspartyl-£-benzyl ester (0.632 mmol) in DMF 
(7 ml) with stirring at 25 °C. HOBt (0.632 mmol) and 
DCC (0.632 mmol) were added slowly with stirring. 
Reaction was allowed to proceed for 1-2 hours after 
which time the resin was collected, washed with four 

2 0 10 ml portions of DMF, four 10 ml portions of IPA, and 
dried for further reaction. 

iii) Preparation of a-N-Boc-e-N- 
2ClZ-L-lysyl-I Jr aspartyl-0- 
benzyl ester-L-valyl-L-tyrosyl- 
25 0-benzvl-3-thioamide-resin ester 

a-N-Boc-L-aspartyl-0-benzyl ester-L-valyl-L- 
tyrosyl-O-benzyl ether-2 -thioamide attached to a 
benzyloxy group of a Merrif ied resin was treated with a 
55% dichloromethane solution of TFA at room temperature 

30 for 1 hour. The resin was then collected, washed 
successively with four portions of 10 ml 
dichloromethane and four portions of 10 ml IPA and 
dried for subsequent use. 

L-aspartyl-0-benzyl ester-L-valyl-L-tyrosyl- 

35 O-benzyl ether-2 -thioamide attached to a benzyloxy 
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group of a Merrifield resin (0.632 mmol/g of resin) was 
added to a solution of a-N-Boc-N-e-2ClZ-Ij-lysine (0.632 
mmol) in DMF (7 ml) with -stirring -and the reaction 
proceeded for 1-2 hbiirs. The resin was then collected, 
5 washed -with- four- 10 ml portions of DMF, four 10 ml 
portions of IPA, and dried for further reaction. 

iv) Preparation of a-N-Boc-N-tosyl- 
L- ar g iny 1 — L— ly sy 1 -e -N- 2 C 1 Z -L- 
aspartyl-0-benzyl ester-Ij-valyl- 
10 L-tyrosyl-O-benzyl-4-thioamide- 

resin ester 

a-N-Boc-€-N-2ClZ-L-lysyl-L-asparty 1-0 -benzyl 
ester-L-valyl-L-tyrosyl-O-benzyl ether-3-thioamide 
attached to a benzyloxy group of Merrif ied resin was 

15 treated with a 55% dichloromethane solution of TFA at 
room temperature for 1 hourl The resin was then 
collected--, washed successively with four portions of 10 
ml dichloromethane and four portions of 10 ml IPA and 
dried for subsequent use. 

20 e-N-2ClZ-L-lysyl-L-aspartyl-0-benzyl ester- 

Ii-valyl-Ii-tyrosyl-O-benzyl ether-3-thioamide attached 
to a benzyloxy group of a Merrif ied resin (0.632 mmol/g 
of resin) was added to a solution of a-N-Boc-N-tosyl- 
L-arginine (0.632 mmol) in DMF (7 ml) with stirring at 

25 25°d. HOBt (0.632. mmol) and DCC (0.632 mmol) were 
added slowly with stirring. Reaction was allowed to 
proceed for 1-2 hours. The resin was subsequently 
collected, washed with four 10 ml portions of IPA, and 
dried for final protecting group removal. 

30 v) Preparation of 1-Thiothymopentin 

by Removal from Resin . 

a-N-Boc-N-tosyl-L-arginyl-e-2ClZ-L-lysyl-L- 
aspartyl-/9-benzyl ester-L-valyl-L-tyrosyl-O-benzyl 
ether-4-thioamide attached to a benzyloxy group of a 
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Merrifield resin (0.5 mmol) was treated with liquid 
hydrogen fluoride (5 ml) containing anisole, dimethyl 
sulfide— and thioanisole (0.5"ml 1:1:1 v/v) at 0°c for 
1 hour. After evaporation of the solvent, the residue 
was dissolved- -in 10% aqueous acetic acid. The aqueous 
solution was washed with diethyl ether (30 ml), eluted 
with water and lyophilized to dryness. The crude 
thiopeptide was dissolved in 92% aqueous acetic acid 
(25 ml) and purified by reverse phase chromatography 
employing a C 18 packed column and the same acetic acid 
solvent as the eluant. 

EXAMPLE 3 

Preparation of 3-Thiotuf tsin 

a) Solution Synthesis 

i) Synthesis of a-N-Boc-L-prolyl- 
N-tosyl-L-arginyl-benzyl ester 
thioamide 

a-N-Boc-N-tosyl-L-arginyl-benzyl ester was 
treated with TFA at O o c under nitrogen for 0.5 hours. 
The TFA was removed in vacuo to yield N-tosyl-L- 
arginyl-benzyl ester TFA salt. This amino acid 
derivative was mixed in dichloromethane and treated 
with 5% aqueous sodium bicarbonate. The organic phase 
was separate, dried, and concentrated to give the free 
amino derivative in quantitive yield. 

N-tosyl-L-arginyl-benzyl ester (2 mmol) was 
dissolved in anhydrous DMF (0.5 ml) at 0°C under N 2 and 
l-(a-N-Boc-L-thioprolyl)-2-benzimidazolone (2.2 mmol) 
(from Example 1) was added portionwise at 0°C with 
stirring over a 0.3 hour period. The mixture was 
stirred at 0°C continuously for 2 hours and permitted 
to warm to 25 °C for 15-17 hours. The reaction was then 
filtered, concentrated in vacuo, the residue dissolved 
in ethyl acetate (15 ml) and the solution washed 
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successively with 5% aqueous sodium bicarbonate, water, 
5% aqueous citric acid, and water. The organic phase 
was then dried followed by evaporation and the residue 
placed on a flash column for purification. The 

5 protected thiodipeptide was eluted with a 3: 2 ethyl 

acetate-hexane solvent mixture to afford a-N-Boc-L- 
thioprolyl-N-tosyl-L-arginyl-benzyl ester in high 
yield. 

The recovered .compound possessed the 

10 following physical characteristics: Melting point 

64-66°C and UV (CHC1,) lambda 270. 

x 3' max 

ii) Synthesis of cr-N-Boc-e-N-2ClZ- 
L-lysyl-L-prolyl-N-tosyl-L- 
arainvl-benzvl ester-2-thioamide 

15 a-N-Boc-L-thioprolyl-N-tosyl-L-arginyl- 

benzyl ester was treated with TFA at 0°C under nitrogen 
for 0.5 hours. The TFA was removed in vacuo to yield 
L-thioprolyl-N-tosyl-L-arginyl-benzyl ester TFA salt. 
This thiodipeptide was mixed in dichloromethane and 

20 treated with aqueous sodium bicarbonate. The organic 
phase was separated, dried, and concentrated to give 
the free amino derivative in quantitive yield. 

L-thioprolyl-N-tosyl-L-arginyl-benzyl ester 
(2 mmol) was dissolved in anhydrous DMF (0.5 ml) at 0°C 

25 under N 2 and a-N-Boc-c-N-2ClZ-lysine (2 mmol) was 
added. HOBt (2 mmol) and DCC (2 mmol) were added 
slowly with stirring at 0°C and the reaction was 
allowed to continue overnight. The reaction was 
diluted with 8 volumes of ethyl acetate and the 

30 I^N'-dicyclohexylurea so formed was filtered away from 
the mixture. The filtrate was transferred to a 
separatory funnel and washed successively with 5% 
aqueous sodium bicarbonate, 5% aqueous citric acid, and 
saturated brine. The organic phase was collected and 

35 dried over MgSO , filtered and concentrated in vacuo . 
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The residue was purified by flash chromatography on 
silica gel employing 1:1 hexane-ethyl acetate as an 
~e!uant to - afford the a-N-Boc-€-N-2 - ClZ-L-lysyl-L- 

prolyl-N-tosyl-L-arginyl -benzyl ester-2-thioamide in 
5 high yields 

The following physical characteristics were 
observed for the purified compound: Melting point 
77-80°C; IR (CHC1 3 ) 1758, 1380 cm" 1 ; UV (CHC1 ) 
lambda max 271; Elemental composition (C 55 H 71 C1N 8 0 11 S 2 ) : 
10 Theoretical: C, 60,75; H, 7.10; N, 9.29. Found: C, 
60.34; H, 7.07; N, 9.65. 

iii) Synthesis of a-N-Boc-L-threonyl- 
0-benzyl ether-e-N-2ClZ-L-lysyl- 
L-prolyl-N-tosyl-L-arginyl- 
15 benzvl ester-3-thioatiH da 

a-N-Boc-e-N-2ClZ-lysyl-L-prolyl-N-tosyl-L- 
arginyl -benzyl ester-2-thioamide was treated with TFA 
at 0°C under nitrogen for 0.5 hours. The TFA was 
removed in -vacuo to yield «-N-2ClZ-L-lysyl-L-prolyl-N- 
20 tosyl-L-arginyl-benzyl ester-2-thioamide TFA salt. 

This amino acid derivative was mixed in dichloromethane 
and treated with aqueous sodium bicarbonate. The 
organic phase was separated, dried, and concentrated to 
give the free amino derivative in quant it ive yield. 

25 <-N-2ClZ-L-lysyl-L-prolyl-N-tosyl-L-arginyl- 
benzyl ester-2-thioamide (2 mmol) was dissolved in 
anhydrous DMF (0.5 ml) at 0»C under N 2 and a-N-Boc- 
threonine-o-benzyl ether (2 mmol) was added. HOBt 
(2 mmol) and DCC (2 mmol) were added portion-wise with 
stirring at 0°C and the reaction was allowed to 
continue overnight. The reaction was diluted with 8 
volumes of ethyl acetate and the N, N • -dicyclohexylurea 
so formed was filtered away from the solution. The 
filtrate was transferred to a separatory funnel and 
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washed successively with 5% aqueous sodium bicarbonate, 

i 

'5% aqueous citric acid, and saturated brine. The 
organic phase was collected and dried over MgSC> 4 , 
filtered, and concentrated in vacuo . The residue was 
5 purified by flash chromatography on silica gel 

employing a 1:1 hexane-ethyl acetate solvent mixture as 
an eluant to afford a-N-Boc-L-threonyl-O-benzyl ether- 
c-N~2ClZ-L-lysyl-L-prolyl-N-tosyl-L-arginyl-benzyl 
ester-3-thioamide in high yield. 

10 iv) Preparation of 3-Thiotuf tsin 

a-N-Boc-L-threonyl-O-benzyl ether-e-N-2ClZ- 
L-lysyl-Ii-prdlyl-N-tosyl-L-arginyl -benzyl ester-1- 
thioamide was dissolved in liquid hydrogen fluoride 
containing 10% by volume of anisole, ethyl methyl 

15 sulfide, and thioanisole. After 1 hour at 0°C, the 
solvent was removed in vacuo and the deprotected 
thiopeptide was purified by reversed phase liquid 
column chromatography on a Vydac C 1Q column with 12% 
aqueous acetic, acid as an eluant. 

20 The thiopeptide exhibitied the following 

physical characteristics: Melting point 169-171°C and 
UV (50% aqueous ethanol) lambda max 268. 

The following mono-thiotuftsin analogs were 
prepared utilizing the appropriate starting materials 

25 and the correct sequence of amino acid coupling 
reactions; 

el. L-threonyl-L-lysyl-L-prolyl-L-arginine- 
2 -thioamide 

e2 . L-threonyl-L-lysyl-Li-prolyl-L-arginine- 
30 1-thioamide 

Physical characterizations for these thio- 
peptides are described in Table E. 
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EXAMPLE 4 

Evaluation of Thymopentin and 4-Thiothymopentin 
on 'T Cell" Development in Nude Athyniic Mice 

This assay was performed according to the 
protocol established by Lau and Goldstein • See C. Lau 
and G. Goldstein, "Functional Effects of 
Thymopoietin 32 _ 36 (TP5) on Cytotoxic Lymphocyte 
Precursor Units (CLP-U)", J. Immun. . 124 . 1861 (1980); 
G. E. Ranges et al., "T Cell Development in Normal and 
Thymopentin-treated Nude Mice", J. Exp. Med. . 156 r 1057 
(1982). 

The immunomodulatory action of thymopentin 
and 4-thiothymopentin on immature T-cell development by 
the expression of de novo antigens on T lymphocytes 
after daily subcutaneaus injections for two weeks in 
four week old nude athymic mice was measured. 
Following the final injection, the splenocytes were 
prepared and radio- label led to determine the percentage 
of total cells bearing the radio labelled marker. Two 
distinct sets of experiments established the 
4-thiothymopentin as having a 128% and 227% increase of 
cells bearing these markers over control animals 
administrered thymopentin at -the same concentration and 
rate, under the same conditions in this assay. 

These findings suggest that thiothymopentin 
analogs can induce a potent differentiation process 
associated with an increase of cell surface markers of 
T- lymphocytes . 

Many variations and additional embodiments 
will be readily apparent to those skilled in the art in 
view of the foregoing disclosures and examples. For 
example , thiopeptides of greater than five amino acid 
residues having improved characteristics as described 
herein , may be advantageously prepared according to the 
methods of the present invention. All such obvious 
variations and further embodiments are included within 
the scope of the appended claims. 
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TABLE A 



Cmpnd M.P. [ce]^° ~U."V. Elemental Composition 

1 Amax 

(°C) (CHC1 3 ) (CH,CN) %C %H %N %S(found) 

. — _ %c %H %N - %s(theor.^ 



al 123-25 -54.5 294 60.23 7.77 14.76 

(3.75) 60.20 7.58 15.03 



a2 116-18 -1.5 293 62.47 6.45 13.38 

10 (3.48) 62.65 6.37 13.28 



a3 101-02 -17.8 295 

(3.60) 55.57 6.61 16.20 6.18 



a4 222-24 -10 289 66.77 6.03 11.35 

(THF) (3.58) 66.91 6.02 11.14 



15 a5 100-02 -13.0 292 64.16 7.05 10.56 

(3.49) 63.90 6.58 10.16 

a6 128-30 6.4 263 69.33 6.48 8.48 

(4.13) 69.44 6.23 8.37 



a7 128-30 -14.2 293 63.00 7.01 10.77 7.54 

20 (3.92) 62.82 6.78 10.46 7.98 



a8 75-78 -20.8 293 64.42 7.06 9.59 

(3.39) 64.62 6.84 9.82 



a9 212-13 294 67.59 6.54 11.14 

(3.43) 67.43 6.24 10.84 



25 alO 148-49 0 293 58.56 7.31 15.44 

(3.39) 58.86 7.22 15.83 



all 49-52 -5.2 294 65.90 7.11 15.65 

(3.44) 66.19 6.71 16.07 
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TABLE A (cont'd) 



Cropnd M.P. [a]£° u.V. Elemental Composition 

Amax 

(°C) (CHC1 3 ) (CH 3 CN) %C %H %N %S (found) 
%C %H %N %Sftheor.> 



al2 82-84 7.8 292 

(3.45) 



al3 150-51 -38.8 294 63.50 
10 (3.55) 63.53 



al4 225-27 -2.5 280 63.49 
(THF) (3.07) 63.53 



al5 94-97 -26.8 293 59.99 

(3.63) 59.46 



15 al6 137-38 -29.0 294 56.49 

(3.15) 56.61 



al7 141-42 0 301 67.38 

(3.60) 67.58 



8.54 
8.47 



13.28 
13. 08 



8.79 
8.47 



13.02 
13.08 



6.94 
6.58 



10.80 
11.09 



7.69 
7.42 



12.11 
12.39 



9.34 
9.44 



7.42 
7.09 



11.88 
11.81 



al8 164-66 -105 293 63.31 7.90 13.61 

20 (3.52) 62.93 7.59 13.75 

al9 142-44 7.2 292 65.95 7.52 10.37 

(3.54) 66.14 7.32 10.51 

a20 149-52 -2.6 288 67.29 7.05 14.37 

(CH 3 CN) (4.17) 66.98 6.64 14.20 

25 a21 173-75 20.9 293 60.70 5.67 7.62 

(THF) (3.56) 61.14 5.51 7.92 



a22 125-26 -39.8 292 62.94 8.32 13.81 

(3.49) 62.54 8.19 13.68 
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TABLE B 



Cmpnd M.P. [<*]p U.V. Elemental Composition 

Amax 

(°C) (CHC1,) (CH 3 CN) %C %H %N %S(found) 

■__ - ~%C %H %N %S(theor.) 



bl 126-28 -71.4 270 57.14 7.27 14.48 10.96 

(3.96) 56.92 7.17 14.22 10.85 



b2 68-70 -14.6 271 61.08 6.48 12.92 4.70 

10 (4.06) 61.09 6.21 12.95 4.94 



b3 130-37-11.3 271 53.66 6.80 15.51 12.33 

(4.23) 53.91 6.41 15.71 12.00 



b4 98-99 18.9 278 64.81 6.05 11.14 6.19 

(4.12) 64.84 5.83 10.80 6.18 



15 b5 125-26 -27.9 274 61.12 6.19 9.39 7.34 

(4.16) 61.52 6.29 9.78 7.46 



b6 74-78 -12.8 264 67.13 6.47 8.45 5.92 

(4.21) 67.29 6.04 8.12 6.19 



b7 114-15 -48.0 273 60.30 6.58 9.86 15.02 

20 (4.06) 60.40 6.52 10.06 15.35 



b8 51-53 -19.4 272 63.08 6.80 9.39 6.96 

(3.75) 62.58 6.59 9.47 7.23 



b9 210-11 -4.5 277 . 65.16 6.45 10.85 6.01 
(THF) (4.20) 65.39 6.05 10.51 6.02 



25 blO 124-25 -0.1 296 55.89 7.10 14.80 11.57 

(4.00) 55.49 6.81 14.92 11.39 



bll 60-62 -21.0 273 65.04 6.82 15.63 7.04 

(3.93) 63.83 6.47 15.50 7.10 
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TABLE B (cont'd) 

Cropnd M.P. [ot]2° u.v. .Elemental Composition 

Amax 

(°C) (CHC1J (CH 3 CN) %C %H %N %S(found) 
%C %H %N %S( theory 



bl2 116-17 81.2 268 

(3.92) 

bl3 139-40 -6.8 273 60.85 8.24 12.75 9.28 

(4.08) 60.52 8.06 12.44 9.50 

bl4 66-70 -42.9 273 60.65 8.25 12.51 9.27 

(3.93) 60.52 8.06 12.44 9.50 

bl5 56-58 -34.0 272 58.00 6.67 11.10 6.27 

(3.98) 57.62 6.37 10.74 6.15 

15 bl6 46-48 -6.1 273 53.80 6.81 11.86 17.79 

(3.98) 54.06 7.09 11.82 18.04 

bl7 66-69 41.3 273 65.03 7.00 16.09 8.41 

(4.06) 64.70 6.78 11.30 8.61 



10 



20 



bl8 73-75 -179 270 60.00 7.65 13.00 9.60 

(c=0.5) (4.10) 59.80 7.21 13.06 9.97 

bl9 49-52 -34.6 272 63.74 7.57 9.90 7.46 

(3.93) 63.52 7.33 10.10 7.71 

b20 161-62 19.9 273 64.52 6.59 13.76 7.63 

(4.31) 64.36 6.38 13.64 7.81 

25 b21 164-65 39.2 273 59.68 5.66 7.74 5.74 

(4.14) 59.33 5.35 7.68 5.87 

b22 117-19 -7.7 273 59.63 7.72 12.74 10.03 

(4.18) 59.40 7.79 12.98 9.91 
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TABLE C 



Cmpnd M.P. [a]p U.V. Elemental Composition 

Am ax 

(°C) (CHCl a ) (CH,CN) %C %H %N %S (found) 
%C %H %N %S(theor.l 



cl 103-05 -19.0 263 55.82 5.97 12.73 10.04 

(3.60) 56.06 5.96 13.07 9.98 



c2 152-54 3.4 263 60.35 5.80 12.41 4.62 

10 (4.03) 60.52 5.68 12.45 4.75 



c3 NOT ISOLATED 

C4 177-81 55.2 264 

(DMF) (3.74) 

c5 NOT ISOLATED 

15 c6 NOT ISOLATED 



C7 136-38 46.0 266 59.20 5.80 9.41 14.40 

(3.78) 59.57 5.68 9.47 14.45 



C8 124-27 48.0 264 61.66 6.05 8.53 7.00 

(3.92) 61.39 5.80 8.55 6.83 

20 C9 132-34 53.5 264 64.54 5.80 9.83 5.96 

(THF) (3.79) 64.80 5.41 10.02 5.74 



C10 121-24 0 263 54.91 5.84 13.17 10.03 

(3.92) 54.71 5.57 13.66 10.42 



Cll NOT ISOLATED 

25 C12 NOT ISOLATED 



C13 72-73 129 265 59.79 7.18 11.86 8.87 

(3.92) 59.48 6.93 11.55 8.82 
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TABLE C (cont'd) 



Cmpnd M;P. [a]* 0 u.V. Elemental Composition 

Amax 

(°C) (CHC1J (CH 3 CN) %C %H %N %S (found) 
%H - %N "Ssrthgrvr.) 



C14 123-16 46.8 264 59.70 7.09 11.75 9.12 

(3.90) 59.48 6.93 11.55 8^82 

C15 134-36 30.3 264 56.72 5.83 10.16 5.53 

10 (4.00) 57.08 5.71 10.24 5.86 

cl6 118-20 46.9 263 53.38 6.39 11.50 16.74 

(4.10) 53.52 6.07 11.10 16.81 

C17 166-69 141.3 263 63.32 5.73 10.87 8.26 

(4.27) 63.45 6.83 10.46 8.06 

15 cl8 136-38 -203 266 58.48 6.34 12.14 9.47 

(3.94) 58.76 6.10 12.09 9^22 

C19 138-40 43.3 266 62.22 6.40 9.27 7.54 

(4.01) 62.56 6.16 9.51 7.26 



20 



C20 164-67 146 266 63.55 5.81 13.00 7.29 

(4.08) 63.28 5.54 12.83 7.34 

C21 187-89 109 264 58.66 4.99 7.76 5.47 

(4.08) 58.74 4.75 7.34 5!60 

C22 148-50 146 266 58.79 6.94 11.86 9.11 

(3.98) 58.42 6.63 12.02 9.17 
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TABLE D 



Cmpnd M.P. U.V. 

( °C) Amax 



(CH,CN) 



dl 140-42 268 

(3.86) 

d2 133-34 269 

(3.71) 

10 d3 148-50 269 

(3.89) 



TABLE E 



Cmpnd M.P. U.V. 

(•C) Amax 
15 (CH,CN) 



el 182-83 267 

(3.81) 

(in 50% EtOH) 
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WHAT IS CLAIMED IS: 

1. A thioacylating reagent of the formula: 




S=C 



2 ' 4 
R -N-R 4 



wherein R 1 is hydrogen or C^-C^ branched or 
unbranched alkyl which may be substituted by a 
substituent selected from the group consisting of: 

-f^n J " A - D 
O 

wherein A is -O- or -NH-, 

D is benzyl or xanthenyl, 
n is 1 or 2; 

E 
I 

-CH-G-J-L 



wherein E is -H or -CH 3 , 

G is -CH 2 ~, -O- or -S-, 

J is -S- or -CH 2 - 

L is -CH 3 or phenyl; 



M 
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wherein M and T may be the same or different and 
are members selected from the group consisting of 
hydrogen, flourine, chlorine, bromine and iodine, and Q 
is hydrogen, hydroxy, or dichlorobenzoxy, 



V-N X N 



-CH, 



wherein V is carbobenzyloxy or tosyl, or 

H 



R 2 is selected from the group consisting of 
t-butoxy, carbobenzyloxy , chlorobenzyloxy , 9-f luor- 
enylmethyloxycarbonyl, tosyl, trityl and xanthenyl; 

R 3 is hydrogen, methyl, or ethyl; or R 1 and 
R , taken together with the carbon atom to which they 
are attached, form a cycloalkyl group containing 3-5 
carbon atoms; 

R 4 is hydrogen; or R 1 and R 4 , taken together 
with the carbon and nitrogen atoms to which they are 
attached, form a saturated heterocycle containing not 
less than 2, but not more than 6 ring carbon atoms; and 

R 5 is selected from the group consisting of 
hydrogen, me thy 1 , ethyl , fluorine, chlorine, bromine, 
iodine, amino, amido, azido, hydroxy, hydr oxymethy 1 , 
carboxy, carboxymethyl, cyano, guanido, mercapto, arid 
nitro . 
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2 . The thioacylating reagent according to 
claim 1, wherein R 1 is C a -C 4 branched or unbranched 
alkyl, R 2 is t-butoxy, and R 3 is hydrogen, 

3. The thioacylating reagent according to 
claim 2, wherein R 1 and R 4 , taken together with the 
carbon and nitrogen atoms to which they are attached , 
form a saturated heterocycle containing 4 ring carbon 
atoms (a. pyrrolidine ring) , R 2 is t-butoxy, and R 3 and 
R 5 are hydrogen. 

4. The thioacylating reagent according to 

claim 1, wherein R 1 is represented by the formula: 

~(CH ) C - A - D 
2 n || 

O 

wherein A is -O- or -NH-, 

D is benzyl or xanthenyl, 

n is 1 or 2; 
R 2 is t-butoxy; and 
R 3 and R 5 are hydrogen • 

5. A compound according to claim 1, wherein 
R 1 is represented by the formula: 

E 
I 

-CH-G-J-L 

wherein E is -H or -CH_, 

G is -CH 2 -, -O- or -S-, 
J is -S- or -CH 2 -, 
L is -CH 3 or phenyl; 
y; and 
R J and R 5 are hydrogen. 



R 2 is t-butoxy; and 
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6. The thioacylating reagent according to 
claim 1, wherein R 1 is represented by the formula: 



M 



wherein M and T may be the same or different and 
are substituents selected from the group consisting of 
hydrogen, flourine, chlorine, bromine and iodine, and Q 
is hydrogen, hydroxy, or 2C12; 
R 2 is t-butoxy; and 
R 3 and R 5 are hydrogen. 

7. The thioacylating reagent according to 
claim 1, wherein R 1 is represented by the formula: 



V-N 



-CH 2 

wherein V is carbobenzyloxy or tosyl; 
R 2 is t-butoxy; and 
R 3 and R 5 are hydrogen. 

8. The thioacylating reagent according to 
claim 1, wherein R 1 is: 
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R 2 is t-butoxy; and 

R 3 ahd~R 5 are hydrogen* 

9. The thioacylating reagent according to 
claim l, wherein R 1 is represented by the formula: 

~(CH 2 ) n - NH - 2C1Z 

wherein n is 1 - 4 and R 3 and R 5 are hydrogen* 

10. The thioacylating reagent according to 
claim 1, wherein R 1 is: 

- CH„ C - 0 - t-butyl; 

2 II 
O 

R 2 is 9-f luorenylmethyloxycarbony 1 ; and 
R 3 and R 5 are hydrogen* 

11. The thioacylating reagent according to 
claim l, wherein the thioacylating reagent is selected 
from the group consisting of: 

1- (a-Boc-L-alanyl-thioacyl) -2-benzimidazolone, 
1- (a-Boc-L-arginyl-di-N-Cbz-thioacyl) -2-benzimida- 
zolone, 1- (a-Boc-L-arginyl-N-tosyl-thioacyl) -2-benzim- 
idazolone, 1- (a-Boc-L-asparaginyl-N-xanthenyl- 
thioacyl) -2-benzimidazolone, l-(a-Boc-L-aspartyl-)3- 
benzyl ester-thioacyl) -2-benzimidazolone, l-(a-Fmoc-L- 
aspartyl-j3-t-butyl ester-thioacyl) -2-benzimidazolone, 
1- (a-Boc-L-cysteinyl-S-benzyl ether-thioacyl) -2- 
benzimidazolone, 1- (a-Boc-L-glutamyl-7-benzyl ester- 
thioacyl) -2-benzimidazolone, 1- (a-Boc-L-glutaminyl-N- 
xanthenyl-thioacyl) -2-benzimidazolone, 1- (a-Boc-glycyl- 
thioacyl) -2-benzimidazolone* 1- (a-Boc-L-histidyl-N- 
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histidyl-N-tosyl-thioacyl)-2-benzimidazolone, l-(a- 
Boc-L-isoleucyl-thioacyl) -2-benzimidazolone, l~(a-Boc- 
L-leucyl-thioacyl) -2-benzimidazolone, 1- (a-Boc-L-lysyl- 
e-N-Cbz-thioacyl) -2-benzimidazolone, l-(a-Boc-L- 
methionyl-thioacyl) -2-benzimidazolone, 1- (a-Boc-Ij- 
phenylalanyl-thioacyl) -2-benzimidazolone, 1- (a-Boc-L- 
proly 1- thioacy 1 ) -2 -benz imidazolone , 1- ( a-Boc-L- 
threonyl-O-benzyl ether- thioacy 1) -2-benzimidazolone, 1- 
(a-Boc-L-tryphophyl-thioacyl) -2-benzimidazolone, 1- (a- 
Boc-L-tyrosinyl-o-2 , 6-dichlorobenzyl ether-thioacyl) - 
2-benzimidazolone, or l-(a-Boc-L-valyl-thioacyl)-2- 
benz imidaz olone • 

12 . An amino acid ortho amino thioanilide 
compound represented by the formula: 

R 1 

N - R 2 

R 3 R 4 

wherein R 1 is hydrogen or C^-C^ branched or 
unbranched alky 1 which may be substituted by a 
substituent selected from the group consisting of: 

"(CH 2 ) n C - A — D 

O 

wherein A is -O- or -NH-, 

D is benzyl or xanthenyl, 
n is 1 or 2; 

E 

\- . 

-CH-G-J-L 
wherein E is -H or -CH 3 , 




I 

H 
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G is -CH 2 -, -O- or - 
J is -S- or -CH 2 -, 
L is -CH. or phenyl; 



wherein M and T may be the same or different 



and are selected from the group consisting of hydrogen , 
fluorine, chlorine, bromine and iodine, and Q is 
hydrogen, hydroxy, or 2C1Z, 



t-butoxy, carbobenzyloxy, chlorobenzyloxy , 9-fluor- 
enylmethyloxycarbonyl, tosyl, trityl and xanthenyl; 

R 3 is hydrogen, methyl, or ethyl; or R 1 and 
R 3 , taken together with the carbon atom to which they 
are attached, form a cycloalkyl group containing 3-5 
carbon atoms; 

R 4 is hydrogen; or R 1 and R 4 , taken together 
with the carbon and nitrogen atoms to which they are 




wherein V is carbobenzyloxy or tosyl, or 



H 




R 2 is related from the group consisting of 
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attached form a saturated heterocycle containing not 
less than 2, but not more than 6 ring carbon atoms; and 

R 5 is selected from the class consisting of 
hydrogen, methyl, ethyl, flourine, chlorine, bromine, 
iodine, amino, amido, azido, hydroxy, hydroxymethyl , 
carboxy, car boxy methyl, cyano, guanido, mercapto, and 
nitro. 

13. The amino acid ortho amino-thioanilide 
according to claim 12, wherein R 1 is C^-c branched or 
unbranched alkyl, R 2 is t-butoxy, and R 3 and R 5 are 
hydrogen. 

14. The amino acid ortho amino thioanilide 
according to claim 12, wherein R 1 and R 4 , taken together 
with the carbon and nitrogen atoms to which they are 
attached form a saturated heterocycle containing 4 ring 
carbon atoms R 2 in the compound is t-butoxy, and R 3 and 
R 5 hydrogen. 

15. The amino acid ortho amino thioanilide 
according to claim 12 , wherein R 1 is represented by the 
formula: 

- (CH ) C - A — D 

2 * „ 

O 

wherein A is -O- or -NH- , 

D is benzyl or xanthenyl, 
n is 1 or 2 ; 
R 2 is t-butoxy; and 

3 5 

R and R are hydrogen. 
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16. The amino acid ortho-amino-thioanilide 
according to claim 12, wherein R 1 is represented by the 
formula: 

E 
I 

— CH . — G — J — L 

wherein E is -H or -CH 3 , 

G is -CH 2 - # -o- or -S-, 

«T is -S- or -CH 2 -, 

I* is -CH 3 or phenyl; 
R 2 is t-butoxy; and 
R 3 and R g are hydrogen. 

17. The amino acid ortho amino thioanilide 
according to claim 12, wherein R x is represented by the 
formula: 

M 



wherein M and T may be the same of different and 
are members selected from the group consisting of 
hydrogen, fluorine, chlorine, bromine and iodine, and Q 
is hydrogen hydroxy, or 2C1Z; 
R 2 is t-butoxy; and 
R 3 and R 5 are hydrogen. 

18. The amino acid ortho amino thioanilide 
according to claim 12, wherein R 1 is represented by the 
formula: 

V-N N 
~ CH 2 
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wherein V is carbobenzyloxy or tosyl; 
R 2 is t-butoxy; and 
R 3 and R 5 are hydrogen. 



19. The amino acid ortho amino thioanilide 
according to claim 12, wherein R 1 in the compound is: 




R is t-butoxy; and 

R 3 and R 5 are hydrogen. 

20. The amino acid ortho amino thioanalide 
according to claim 12, wherein R 1 is represented by the 
formula: 

- (CH 0 ) - NH - 2C12 

wherein n is 1-4 and R 3 and R 5 are hydrogen. 

21. A compound according to claim 12, 
wherein R 1 is: 



- CH 2 C - O - t-butyl; 



R 2 is 9-f luorenylmethyloxycarbonyl; and 
R 3 and R 5 are hydrogen. 
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22. The amino acid ortho-amino-thioanalide 
according to claim 12, wherein the amino acid ortho 
amino thioanalide is selected from the group consisting 
of: 

a-N-Boc-L-alanyl-ortho-amino-thioanilide, a-N- 
Boc-L-arginyl-di-N-Cbz-ortho-amino-thioanilide, a-N- 
Boc-L-arginyl-N-tosyl-ortho-amino-thioanilide , a-N- 
Boc-L-asparaginyl-N-xanthenyl-ortho-amino-thioanilide f 
a-N-Boc-aspartyl-/3-benzyl ester-ortho-amino-thio- 
anilide, a-N-Fmoc-aspartyl-0-t-butyl ester-ortho-amino- 
thioanilide, a-N-Boc-L-cysteinyl-S-benzyl ether-ortho- 
amino-thioanilide , cr-N-Boc-L-glutamyl-7-benzy 1 ester- 
ortho-amino thioanilide, a-N-Boc-L-glutaminyl-N- 
xanthenyl-ortho-amino thioanilide, cr-N-Boc-glycyl- 
ortho-amino thioanilide, a-N-Boc-L-histidyl-N-benzyl- 
ortho-amino thioanilide, a-N-Boc-L-histidyl-N-tosyl- 
ortho-amino thioanilide, a-N-Boc-L-isoleucyl-ortho- 
amino-thioanilide , a-N-Boc-L-leucy 1-ortho-amino thio- 
anilide, a-N-Boc-c-N-2ClZ-L-lysyl-ortho-amino thio- 
ani 1 ide , a-N-Boc-L-methiony 1-ortho-amino-thioani lide , 
a-N-Boc-L-phenylalanyl-ortho-amino thioanilide, a-N- 
Boc-L-prolyl-ortho-amino-thioanilide, a-N-Boc-L- 
threonyl-O-benzyl ether-ortho-amino-thioanilide, a-N- 
Boc-L-tryptophyl-artho-amino-thioanilide, a-N-Boc-L- 
tyr os iny I-0-2 , 6-dichlorobenzyl ether-ortho-amino- 
thioanilide, or a-N-Boc-L-valyl-ortho-amino- 
thioanilide. 
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23. An amino acid ortho-amino-anilide 
compound represented by the formula: 




R 



1... 



N — R 



R 3 R 4 



wherein R 1 is hydrogen or C 1 ~C 4 branched or 
unbranched alkyl which may be substituted by a 
substituerit selected from the group consisting of: 



C - A - D 

II 
O 

wherein A is -O- or -NH- , 

D is benzyl or xanthenyl, 
n is 1 or 2; 



E 



-CH-G-J-L 



wherein E is -H or -CH 3 , 

G is -CH 2 -, -O- or -S-, 



J is -S- or -CH 2 -, 
L is -CH 3 or phenyl; 



M 

-0- 



wherein M and T may be the same or different and 
are members selected from the group consisting of 
hydrogien, fluorine, chlorine, bromine and iodine, and Q 
is hydrogen, hydroxy, or 2C1Z, 
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wherein V is carbobenzyloxy or tosyl, or 




2 9 
R is selected from the group consisting of 

t-butoxy, carbobenzyloxy , chlorobenzyloxy, 

9-f luorenylmethyloxycarbonyl, tosyl, trityl and 

xanthenyl; 

R 3 is hydrogen , methyl, or ethyl; or R 1 and 
R 3 , taken together with the carbon atom to which they 
are attached, form a cycloalkyl group containing 3-5 
carbon atoms; 

R 4 is hydrogen; or R 1 and R 4 , taken together 
with the carbon and nitrogen atoms to which they are 
attached, form a saturated heterocycle containing not 
less than 2, but not more than 6 ring carbon atoms; and 

R 5 is selected from the group consisting of 
hydrogen, methyl, ethyl, fluorine, chlorine, bromine, 
iodine, amino, amido, azido, hydroxy, hydroxymethy 1 , 
carboxy, carboxymethy 1 , cyano, guanido, mercapto, and 
nitro . 

24. The amino acid ortho amino anilide 
according to claim 23 > wherein R 1 is C 1 -C 4 branched or 
unbranched alkyl, R 2 is t-butoxy, and R 3 and R 5 are 
hydrogen. 
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25. . The amino acid ortho-amino-anilide 
according to claim 23, wherein R 1 and R 4 taken together 
with the carbon and nitrogen atoms to which they are 
attached, form a saturated heterocycle containing 4 
ring carbon atoms (a pyrrolidine ring) , R 2 is t-butoxy, 
and R 3 and R 5 are hydrogen. 

26. The amino acid ortho-amino-anilide 
according to claim 23, wherein R 1 is represented by the 
formula: 

- (ca 2 ) n C - A — D 



wherein A is -O- or -NH- , 

D is benzyl or xanthenyl, 

n is 1 or 2; 
R 2 is t-butoxy; and 
R 3 and R 5 are hydrogen. 

27. The amino acid ortho amino anilide 

according to claim 23, wherein R 1 is represented by the 

formula: 

E 
I 

- CH . - G - J - L 

wherein E is -H or -CH 3 , 

G is -CH 2 - # -O- or 

J is -S- or -CH 2 - # 

L is -CH 3 or phenyl; 
R 2 is t-butoxy; and 
R 3 and R 5 are hydrogen . 

28. The amino acid ortho amino anilide 
according to claim 23, wherein R 1 is represented by the 
formula: 
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I M 




wherein M and T may be the same of different and 
are selected from group consisting of hydrogen, 
fluorine, chlorine, bromine and iodine, and Q is 
hydrogen, hydroxy, or 2C1Z; 
R is t-butoxy; and 
R 3 and R 5 are hydrogen. 

29. The amino acid ortho amino anilide 
according to claim 23, wherein R is represented by the 
formula: 




wherein V is carbobenzyloxy or tosyl; 
R 2 is t-butoxy; and 
R 3 and R 5 are hydrogen. 

30. The amino acid ortho-amino-anilide 
according to claim 23, wherein R 1 is: 



H 




R is t-butoxy; and 

R 3 and R 5 are hydrogen. 
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31. The amino acid ortho-amino-anilide 
according to claim 23, wherein R 2 is represented by the 
formula: 

- (CH 2 ) n - NH - 2C1Z 

wherein n is 1-4 and R 3 and R 5 are hydrogen. 

32. The amino acid ortho-amino-anilide 
according to claim 23, wherein R 1 is: 

- CH 0 C - O - t-butyl ; 

2 II 
o 

R 2 is 9-f luorenylmethyloxycarbonyl; and 
R 3 and R 5 are hydrogen. 

33. The amino acid ortho-amino-anilide 
according to claim 23, wherein the amino acid ortho- 
amino-anilide is selected from the group consisting of: 

a-N-Boc-L-arginyl-di-N-Cbz-ortho-amino anilide , 
a-N-Boc-L-arginyl-N-tosyl-ortho-amino-anilide, 
a-N-Boc-L-asparaginyl-N-xanthenyl-ortho-amino-anilide, 
a-N-Boc-aspartyl-0 -benzyl ester-ortho-amino-anilide , 
a-N-Fmoc-aspartyl-0 -t-butyl ester-ortho-amino-anilide , 
a-N-Boc-L-cysteinyl-S-benzyl ether-ortho-amino-anilide, 
a-N-Boc-L-glutamyl-^-benzyl ester-ortho-amino-anilide , 
a-N-Boc-L-glutaminyl-N-xanthenyl-ortho-amino-anilide, 
a-N-Boc-glycyl"ortho-amino-anilide / a-N-Boc-L- 
histidyl-N-benzyl-ortho-amino-anilide, a-N-Boc-L- 
histidy 1-N-tosyl-ortho-amino-anilide , a-N-Boc-L- 
isoleucyl-ortho-amino-anilide, a-N-Boc-L-leucyl-ortho- 
amino-anilide, a-N-Boc-e-N-2ClZ-L-lysyl-ortho-amino 
anilide, a-N-Boc-L-methionyl-ortho-amino-anilide , 
a-N-Boc-L-phenylalanyl-ortho-amino-anilide, a-N-Boc-L- 
proly 1-ortho-amino-anilide , a-N-Boc-L-threonyl-O- 
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benzyl ether-ortho-amino-anilide , a-N-Boc-L- 
tryptophy 1-ortho-amino anilide , a-N-Boc-L-tyrosiny 1-0- 
2, 6-dichlorobenzyl ether-ortho-amino-anilide, or a-N- 
Boc-L-valyl-ortho-amino-anilide. 



wherein R , R , and R are defined as according to 
claim 1; 

each X is, independently, oxygen or sulphur, 
provided that at least one atom represented by X is 
sulphur ; and 

n is 1-4. 



wherein one atom represented by X is sulphur and the 
remaining atoms represented by X are each, 
independently, oxygen. 

36. The peptide according to claim 34, 
wherein n is 3 . 

37. The peptide according to claim 34, 
wherein n is 2. 



34. 



A peptide represented by the formula: 




and salts thereof, 



35. The peptide according to claim 34, 
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38. The peptide according to claim 34, 
having the formula: 



NH 
I 

C=NH 
I 

N-H 

I 

(CH 2 ) 3 



OH 



H 2 N- 



NH, 



(CH 2 ) 4 



-N- 



COOH CH, CH, 
CH 2 CH 



-N- 



-N- 



1 I 

HOHH OHH OH HSHHO 




OH 



39. The peptide according to claim 34, 
having the formula: 



NH 

I 2 
C=NH 

I 

N-H 
I 

(CH 2 ) 3 



H 2 N- 



NH. 



(CH 2 ) 4 



-N- 



COOH CH, CH. 

I ^ / 3 

CH 2 CH 



-N- 



I! I 




OH 



HSHH OHH OH H OH H O 



40. The peptide according to claim 34, 
having the formula: 



NH 

I 2 
C=NH 

I 

N-H 
I 

(CH 2 ) 3 



H 2 N- 



NH_ 
(CH 2 ) 4 



-N- 



H O H H 



N- 

II I 
S H 



COOH 
I 

CH„ 



CH 




CH, 



-N- 



-N- 



II I II 
OH H O H H 6 



-OH 
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41. The peptide according to claim 34, 
having the formula: 



C=NH 
I 

N-H 
I 

(CH 2 ) 3 



H 2 N- 



-N- 



NH„ 



(CH 2 ) 4 



COOH CH. CH_ 



CH 



N- 

H O H H O H H S H 













II 1 1 


II 



H O H H 




42. The peptide according to claim 34, 
having the formula: 



CH. OH 



H 2 N- 



N- 

II I 
H S H 



NH, 



(CH 2 ) 4 



II 

H O 



a 



-N- 

II I 
O H 



NH 

I 2 
C=NH 

I 

NH 
I 

(CH 2 ) 3 



H 



II 
O 



-OH 



43. The peptide according to claim 34, 
having the formula: 



NH, 
C=NH 



CH_ OH 

^ / 

CH 



H 2 N- 



-N- 



H O H 



NH 

I 2 
(CH,) 



II 

H O 



4 Cl 

— N L 



N- 

II I 
S H 



NH 
I 

(CH 2 ) 3 



II 
O 



-OH 
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44. The peptide according to claim 34, 
having the formula: 



CH, OH 
CH 



H 2 N- 



-N- 



H O H 



NH_ 

I 2 
(CH 2 ) 4 



N > — N- 



H S 



O H 



T 2 

G=NH 
I 

NH 
I 

(CH 2 ) 3 



-OH 



H 



45. A process for selectively producing 
monosubstituted protected amino acid ortho-amino- 
anilides which comprises contacting ortho-phenylene 
diamine of the formula C 6 H 4 (NH 2 ) 2 with a protected amino 
acid or protected polypeptide in the presence of a 
peptide coupling agent in an inert organic solvent. 

46. The process according to claim 45, 
wherein said amino acid ortho amino anilide is repre- 
sented by the formula: 




— N - R 
R 3 R 4 

wherein R 1 is hydrogen or C 2 -C 4 branched or 
unbranched alkyl which may be substituted by a 
substituent selected from the group consisting of: 

-(CH 2 ) n C - A - D 



wherein A is -O- or 

D is benzyl or xanthenyl, 
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n is 1 or 2; 

I 

-CH-G-J-L 

wherein E is -H or -CH 3 , 

G is -CH 2 -, -O- or -S-, 

J is -S- or -CH 2 ~, 

L is -CH3 or phenyl; 



M 



wherein M and T may be the same or different and 
are selected from the group consisting of hydrogen , 
fluorine, chlorine, bromine and iodine, and Q is 
hydrogen, hydroxy, or 2C1Z, 

V-N N 

wherein V is carbobenzyloxy or tosyl, or 




2 . 9 
R is selected from the group consisting of 

t-butoxy, carbobenzyloxy, chlorobenzyloxy , 

9-f luorenylmethyloxycarbonyl, tosyl, trityl and 

xanthenyl ; 
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R 3 is hydrogen methyl, or ethyl; or R 1 and R 3 , 
taken together with the carbon atom to which they are 
attached,, form a cycloalkyl group containing 3-5 carbon 
atoms; 

R 4 is hydrogen; or R 1 and R 4 , taken together 
with the carbon and nitrogen atoms to which they are 
attached, form a saturated heterocycle containing not 
less than 2, but not more than 6 ring carbon atoms; and 

R 5 is selected from the group consisting of 
hydrogen, methyl, ethyl, fluorine, chlorine, bromine, 
iodine, amino, amido, azido, hydroxy, hydroxymethyl, 
carboxy, carboxymethyl , cyano, guanido, mercapto, and 
nitro. 

47. The process according to claim 45, 
wherein said organic solvent is selected from the group 
consisting of dichloromethane , chloroform, N,N f - 
dimethylf ormamide and tetrahydrof uran. 

48. The process according to claim 45, 
wherein said protected amino acid is represented by the 
formula: 



R 2 R 1 



4 I 
R 4 -N 



COOH 



R 3 



wherein R 1 is hydrogen or C^-C^ branched or 
unbranched alkyl which may be substituted by a 
substituent selected from the group consisting of: 

-< CH 2>n J - A - D 
O 

wherein A is -O- or -NH-, 

D is benzyl or xanthenyl, 
n is 1 or 2; 



WO 91/01976 



PCT/CA90/00248 



- 75 - 

E 
I 

-CH-G-J-L 

wherein E is -H or -CH 3 , 

G is -CH 2 -, -O- or -S-, 
J is -S- or -CH 2 -, 
L is -CH 3 or phenyl; 

M 

wherein M and T may be the same or different and 
are selected from the group consisting of hydrogen, 
fluorine, chlorine, bromine and iodine, and Q is 
hydrogen, hydroxy, or 2C1Z, 




wherein V is carbobenzyloxy or tosyl, or 



H 




R is selected from the group consisting of 
t-butoxy, carbobenzyloxy, chlorobenzyloxy , 9-fluorenyl 
methyloxycarbonyl, tosyl, trityl, and xanthenyl; 

R 3 is hydrogen, methyl, or ethyl; or R 1 and 
R 3 , taken together with the carbon atom to which they 
are attached, form a cycloalkyl group containing 3-5 
carbon atoms; and 
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R 4 is hydrogen; or R 1 and R 4 , taken together 
with the carbon and nitrogen atoms to which they are 
attached, form a saturated heterocycle containing not 
less than 2, but not more than 6 ring carbon atoms. 

49. The process according to claim 45, 
wherein said peptide coupling agent is selected from 
the group consisting of N,N'-dicyclohexylcarbodiimide, 
N,N'-carbonyl diimidizole, 1-hydroxybenzotriazole, 
ethyl chloroformate and benzyl chlorof ormate. 

50. A process for the selective production 
of amino acid ortho-amino-thioanilides which comprises 
contacting an amino acid ortho-amino-anilide with a 
reagent comprising a composition of phosphorous 
pentasulfide and sodium carbonate in an inert organic 
solvent. 

51. The process according to claim 50, 
wherein said protected amino acid ortho-amino thio- 
anilide is represented by the formula: 



,5 



NH 2 

N - 

I 



H R J R 



.1 



N - R 2 



,4 



wherein R 1 is hydrogen or C 1 ~C 4 branched or 
unbranched alkyl which may be substituted by a 
substituent selected from the group consisting of: 



-(CH ) C - A - D 
n || 

O 

wherein A is -0- or -NH-, 



D is benzyl or xanthenyl. 



WO 91/01976 



PCT/CA90/00248 



- 77 

n is 1 or 2; 

I 

CH - G - J - L 



wherein E is -H or -CH 3 , 



G is -CH 2 -, -O- or -S-, 
J is -S- or -CH 2 - f 
L is -CH 3 or phenyl ; 



4' 



wherein M and T may be the same or different and 
are selected from the group consisting of hydrogen , 
fluorine, chlorine, bromine and iodine, and Q is 
hydrogen, hydroxy, or 2C1Z, 

V-N N 



2 



wherein V is carbobenzyloxy or tosyl, or 



2 

R is selected from the group consisting of 
t-butoxy, carbobenzyloxy, chlorobenzyloxy, 
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9-f luorenylmethyloxycarbonyl, tosyl, trityl and 
xanthenyl ; 

R 3 is hydrogen, methyl, or ethyl; or R 1 and 
R 3 , taken together with the carbon atom to which they 
are attached, form a cycloalkyl group containing 3-5 
carbon atoms; 

R 4 is hydrogen; or R 1 and R 4 , taken together 
with the carbon and nitrogen atoms to which they are 
attached, form a saturated heterocycle containing not 
less than 2, but not more than 6 ring carbon atoms; and 

R 5 is selected from the class consisting of 
hydrogen, methyl, ethyl, fluorine, chlorine, bromine, 
iodine, amino, amido, azido, hydroxy, hydr oxymethy 1 , 
carboxy, carboxymethy 1 , cyano, guanido, mercapto, and 
nitro. 

52. The process according to claim 50, 
wherein said solvent is selected from the group 
consisting of diethyl ether and tetrahydrof uran. 

53. The process for selective formation of 
protected 1-amino thioacylbenzimidizoyl-2-ones of the 
formula: 

H 




S=C 

1 1 3 

2 ' 4 
R-N-R 4 
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wherein R 1 is hydrogen or C 1 ~C 4 branched or 

unbranched alkyl which may be substituted by a 

substituent selected from the group consisting of: 

-(CH ) C - A - D 
2 n 

O 

wherein A is -O- or -NH- , 

D is benzyl or xanthenyl, 
n is 1 or 2; 



E 



-CH-G-J-L 

wherein E is -H or -CH 3 , 

G is -CH 2 ~, -O- or -S-, 

J is -S- or -CH 2 ~, 

L is -CH« or phenyl; 



wherein. M and T may be the same or different 
and are members selected from the group consisting of 
hydrogen, fluorine, chlorine, bromine and iodine, and Q 
is hydrogen, hydroxy, or 2C1Z, 




wherein V is carbobenzyloxy or tosyl, or 
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R is selected from the group consisting of 
t-butoxy , carbobenzy loxy , chlorobenzy loxy , 
9-f luorenylmethyloxycarbonyl, tosyl, trityl and 
xanthenyl; 

R 3 is hydrogen, methyl, or ethyl; or R 1 and 
R 3 , taken together with the carbon atom to which they 
are attached, form a cycloalkyl group containing 3-5 
carbon atoms; 

* R 4 is hydrogen; or R 1 and R 4 , taken together 
with the carbon and nitrogen atoms to which they are 
attached, form a saturated heterocycle containing not 
less than 2, but not more than 6 ring carbon atoms; and 

R 5 is selected from the group consisting of 
hydrogen, methy 1 , ethyl , flourine, chlorine, bromine, 
iodine, amino, amido, azido, hydroxy, hydroxymethy 1 , 
carboxy, car boxymethy 1 , cyano, guanido, mercapto, and 
nitro which comprises contacting an amino acid ortho 
amino thioanilide, as defined according to claim 12, 
with carbonyl ditriazole in the presence of an inert 
ether al solvent • 
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54. A process for selective formation of 
protected l-amino thioacylbenzimidazoyl-2-ones of the 
formula: 




R^C-R 3 
R 2 -N-R 4 



wherein R 1 is hydrogen or C 1 -C 4 branched or 
unbranched alkyl which may be substituted by a 
substituent selected from the group consisting of: 



-(CH ) C — A - D 
2 n D 

0 

wherein A is -O- or -NH-, 

D is benzyl or xanthenyl, 
n is 1 or 2; 



E 



-CH-G-J-L 

wherein E is -H or -CH 3 , 

G is -CH 2 ~, -O- or -S-, 
J is -s- or -CH 2 -, 
L is -CH 3 or phenyl; 



* 
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M 

T 

wherein M and T may be the same or different and 
are selected from the group consisting of hydrogen, 
fluorine, chlorine, bromine and iodine, and Q is 
hydrogen, hydroxy, 2C1Z, 




wherein V is carbobenzyloxy or tosyl, or 



H 




R 2 is selected from the group consisting of 
t-butoxy , carbobenzyloxy , chlorobenzy loxy , 
9-f luorenylmethyloxycarbonyl, tosyl, trityl and 
xantheny 1 ; 

R 3 is hydrogen, methyl, or ethyl; or R 1 and 
R 3 , taken together with the carbon atom to which they 
are attached, form a cycloalkyl group containing 3-5 
carbon atoms; 

R 4 is hydrogen; or R 1 and R 4 , taken together 
with the carbon and nitrogen atoms to which they are 
attached, form a saturated heterocycle containing not 
less than 2, but not more than 6 ring carbon atoms; and 

R 5 is selected from the class consisting of 
hydrogen , .. methyl , ethyl , flour ine , chlorine , bromine , 
iodine, amino, amidp, azido, hydroxy, hydroxym ethyl, 
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carboxy, carboxymethy 1 , cyano, guanido, mercapto, and 
nitxo 

which comprises contacting on amino acid 
ortho amino thioanilide, as defined according to 
claim 12, with 2 , 4 , 6-collidine in the presence of an 
inert etheral solvent. 

55. A process for selective formation of 
thioamide bonds which comprises contacting a protected 
amino acid or a protected peptide , said protected amino 
acid or protected peptide having a free amino 
functionality, with a thioacylating reagent, as defined 
according to claim 1, in the presence of an inert 
solvent. 

56. A process for selective formation of 
thioamide bonds, wherein said process employs solid 
phase peptide synthesis techniques which comprises 
contacting a protected amino acid or protected peptide, 
said protected amino acid or protected peptide having a 
free amino terminus and suitably attached to an 
insoluable and inert resin by its carboxy terminus, 
with a thioacylating reagent, as defined according to 
claim 1, in the presence of an inert solvent. 

57. The process according to claim 55 
wherein said solvent is selected from the group 
consisting of acetonitrile, dichloromethane , diethyl 
ether, N^-dimethylf ormamide, dimethylsulf oxide and 
tetr ahydr of ur an . 

58. The process according to claim 56, 
wherein said solvent is selected from the group 
consisting of acetonitrile, dichloromethane, diethyl 
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ether , N , N 1 -dimethy If ormamide , dimethy Isulf oxide and 
tetrahydrof uran . 
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